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ABSTRACT
The p o l a r o g r a p h i c  d e t e r m i n a t i o n  o f  D -g lu c u ro n o -  
l a c t o n e  i n  aqueou s  s o l u t i o n  i s  shown t o  be f e a s i b l e  up to  a 
c o n c e n t r a t i o n  o f  6 mg p e r  ml i n  KC1, NaCl, and L iC l ,  w i th  
g e l a t i n  a s  th e  maximum s u p p r e s s o r .  A s i m i l a r  d e t e r m i n a t i o n  
o f  D -m an n u ro n o lac to n e  i s  f e a s i b l e  t o  a  c o n c e n t r a t i o n  o f  a t  
l e a s t  100 jigm p e r  m l.  The e f f e c t  o f  pH and  p h o sp h a te  i o n s  on 
t h e  p o l a r o g r a p h ic  wave o f  D - g lu c u r o n o la c to n e ,  and  t h e  e f f e c t  
o f  on D -m an n u ro n o lac to n e  a r e  d i s c u s s e d  and compared t o
th e  r e a c t i o n  of d i a l k y l  h y d ro g e n  p h o s p h i t e s  and  t r i a l k y l  
p h o s p h i t e s  w i th  j? - p r o p i o l a c t o n e s .  The e f f e c t  o f  pH and p h o s ­
p h a te  i o n s  on th e  p o l a r o g r a p h ic  wave o f  D -g lu c u r o n ic  a c i d  was 
a l s o  i n v e s t i g a t e d .
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CHAPTER I
INTRODUCTION
Many m ethods h av e  b e en  d e v is e d  f o r  s e p a r a t i n g  
D -g iu c u r o n ic  a c i d  a n d / o r  D -g lu c u r o n o la c to n e  from  o t h e r  su b ­
s t a n c e s  p r i o r  t o  t h e i r  d e t e r m i n a t i o n .  P a p e r  ch ro m a to g ra p h y  
h a s  been  th e  m ost common i n  r e c e n t  y e a r s  ( 1 - 1 6 ) ,  u s i n g  v a r i ­
ous t y p e s  o f  p a p e r  and s o l v e n t s ,  and  e m p lo y in g  a s c e n d in g ,  
d e s c e n d in g ,  a n d  h o r i z o n t a l  t e c h n i q u e s .  Io n -e x c h a n g e  chrom a­
to g r a p h y  i s  a l s o  w id e ly  used  ( 9 ,  1 3 ,  1 7 - 2 5 ) .  L e s s  common 
m ethods o f  s e p a r a t i o n  i n c lu d e  p a p e r  e l e c t r o p h o r e s i s  ( 2 6 ) ,  
s i l i c a  g e l - l a y e r  c h ro m a to g ra p h y  ( 2 7 ) ,  g a s  c h ro m a to g rap h y  
( 2 8 ) ,  and t h i n  l a y e r  c h ro m a to g ra p h y  ( 2 9 ) .  Once s e p a r a t e d ,  
q u a n t i t a t i v e  d e t e r m i n a t i o n s  may be p e rfo rm ed  u s i n g  e i t h e r  
c l a s s i c a l  w et m eth o d s , o r  i n s t r u m e n t a l  m ethods o f  a n a l y s i s .
T i t r i r a e t r i c  (15# 30 -33 )  and  m anom etric  (31+) method 
a r e  r e p r e s e n t a t i v e  o f  t h e  c l a s s i c a l  d e t e r m i n a t i o n s ,  w h e re ­
a s  g a s  c h ro m a to g ra p h y  ( 2 8 ) ,  p o la r g g r a p h y  (35# 3 6 ) ,  and 
s p e c t r o p h o to m e t r y  a r e  more modern m e th o d s . The m ost common 
ty p e  o f  q u a n t i t a t i v e  d e t e r m i n a t i o n  em ploys s p e c t ro p h o to m e t r y  
V a r io u s  ch rom ogen ic  r e a g e n t s  h av e  been  u s e d ,  f o r  ex am ple :  
n a p h t h o r e s c o r c i n o l  o r  a s a l t  o f  n a p h th o re  s c o re  in  o l  (37-1+8); 
c a r b a z o l e  (1 8 ,  19 , 2 5 , 1+9-56); a n th r o n e  (51+# 5 6 - 5 9 ) ;  
r e s o r c i n o l  (23# 6 0 ) ;  s u l p h u r i c  a c i d  ( 6 1 - 6 3 ) ;  p h l o r o g l u c i n o l
1
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2(61).); t h i o n a l i d e  ( 6 5 ) ;  thym ol ( 5 1 ) ;  o r c i n o l  ( 5 1 ) ;  a n i l i n e  -  
a c e t i c  a c i d  ( 6 6 ) ;  h y d ro x y l  amine h y d r o c h l o r i d e  ( 5U-» 6 7 ) ;  
o -a m in o b ip h e n y l  ( 6 8 ) ;  p h e n o l  ( 6 9 ) .  Many o f  t h e s e  m ethods 
used  D -g lu c u ro n o la c to n e  a s  th e  s t a n d a r d  f o r  D -g lu c u ro n ic  
a c i d  in  p r e p a r i n g  c a l i b r a t i o n  c u r v e s .
I s h i d a t e  and  Shimozawa (35) a t t e m p te d  a p o l a r o ­
g ra p h ic  s tu d y  o f  D -g lu c u r o n ic  a c i d  and  D -g lu c u ro n o la c to n e  
b u t  were u n a b le  t o  o b t a i n  r e p r o d u c i b l e  waves f o r  e i t h e r  
s p e c i e s .  T h i b e r t  and Boyle (36) were a b le  to  o b t a i n  r e p r o ­
d u c ib l e  w aves w i th  D -g lu c u ro n o la c to n e  i n  an u n b u f f e r e d  
medium. The c o n c e n t r a t i o n  ran g e  s t u d i e d  was s i m i l a r  t o  t h a t  
u s u a l l y  found  i n  b i o l o g i c a l  f l u i d s  (0 -1 0 0  p g  p e r  m l) .  They 
n o t e d ,  h o w e v e r ,  t h a t  a l l  o f  the  s t a n d a r d  b u f f e r s  t r i e d  com­
p l e t e l y  s u p p r e s s e d  th e  wave. P h o s p h a te ,  i n  p a r t i c u l a r ,  
a n n i h i l a t e d  t h e  wave.
I t  i s  g e n e r a l l y  assum ed ( 7 0 ,  71) t h a t  th e  waves 
p ro d u ced  by l a c t o n e s  a r e  c a u s e d  by t h e i r  r e d u c t io n  to  th e  
c o r r e s p o n d in g  s u g a r s j
R-CH-CHOH-CHOH R-CH-CHOH
I I + 2e + 2H+ | |
0 --------------0 = 0  * 0  CHOH
\ /
CHOH
A ls o ,  p o ly h y d ro x y  a c i d s  g iv e  o n ly  a  h y d ro g en  wave (71)»
The s tu d y  o f  D - g lu c u ro n o la c to n e  in  aq ueous medium 
i s  c o m p l ic a te d  by  th e  l a c t o n e - a c i d  e q u i l i b r i u m  d e p i c t e d  
be lo w .
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3CHOH 
I
H -C -O H
I 6
------------- C-H
I +  HpO _





A f a i r l y  c o n c e n t r a t e d  s o l u t i o n  o f  D -g lu c u r o n o la c to n e  to o k  
e i g h t  weeks to  r e a c h  e q u i l i b r i u m  (20#  l a c t o n e ,  80# a c i d )  a t  
room t e m p e r a tu r e  ( 7 2 ) .  I n  th e  much more d i l u t e  ran g e  in  
w hich  T h i b e r t  and  B oyle  (36 ) w orked , i t  i s  p r o b a b le  t h a t  th e  
l a r g e  e x c e s s  o f  w a te r  c a u s e s  th e  e q u i l i b r i u m  t o  be more on 
th e  a c i d  s i d e ,  and  f o r  t h i s  e q u i l i b r i u m  to  be a t t a i n e d  more 
r a p i d l y .
Dowben ( 7 3 ) ,  w o rk ing  w i th  0 .0 2  M D - g l u c u r o n o l a c t ­
one s o l u t i o n s  ( i . e .  a b o u t  3*52  mgr l a c t o n e  p e r  ml) a t  37°C, 
o b se rv e d  o n ly  s l i g h t  h y d r o l y s i s  ( a b o u t  5#) i n  d i s t i l l e d  w a te r  
a f t e r  2i|. h o u r s ;  a b o u t  50# h y d r o l y s i s  i n  0 .2  M T r i s  b u f f e r ,  
pH 7 *2 , a f t e r  2if h o u r s ;  and  90#  h y d r o l y s i s  i n  0 .2  M p o ta s s iu m  
p h o sp h a te  b u f f e r ,  pH 7 . 2 ,  a f t e r  2l± h o u r s .  A c c o rd in g  to  
Dowben, D -g lu c u ro n o la c to n e  i s  h y d r o ly z e d  a b o u t  e i g h t  t im e s  
more r a p i d l y  i n  T r i s  b u f f e r  th a n  i n  d i s t i l l e d  w a t e r ,  and
about times more rapidly in phosphate buffer than in
d i s t i l l e d  w a t e r .  T h is  h y d r o l y s i s  phenomenon i s  d o u b t l e s s  
more p rono unced  in  the  rang e  p r e v i o u s l y  i n v e s t i g a t e d  ( 3 6 ) .
The p o l a r o g r a p h ic  b e h a v io u r  o f  NaH2P02 *H20 ,  
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Na2H2 ^2®6 * ^ 2®» Na^HPgO^*QH2® an<  ^ Na2H2P2®7 * ^ 2® w®r® s t u d i e d  
i n d i v i d u a l l y  in  a n h y d ro u s  g l y c e r o l  w i th  p h e n o l  a s  a p r o to n  
d o n o r  (7k)»  C h a r a c t e r i s t i c  waves were o b ta in e d  f o r  e a c h  
a n io n  b u t  no r e d u c t i o n  was o b s e rv e d  in  aqueous medium.
NaH2P0 2 *H2 0 -N aH PC^*#^0 » Na2HP0 3 *SH2O-Na2HP0^«2H2O, 
N a3H P20^»6H 20-Na2H 2^2® 6*^2® » N a ^ 2 ^ >2®5”^a 2®2^>2 ® 6 * ^ 2 ^
were i n v e s t i g a t e d  in  g l y c e r o l  (75)*  The r e d u c t io n  waves o f  
most o f  th e  m ix tu r e s  were d e fo rm ed .
The i n h i b i t o r y  e f f e c t s  o f  o rg a n o p h o sp h o ru s  compounds 
o f  th e  t y p e j  R-,
( R l ,  R2 ,  B3 = a l k y l ,  a r y l ,  a lk o x y ,  a r y l o x y  g ro u p s)  
on th e  r e d u c t i o n  o f  Cu2+ io n s  h a s  been  shown t o  be c a u se d  by 
th e  s u r f a c e  a c t i v e  b e h a v io u r  o f  t h e  o rg an o p h o sp h o ru s  compounds 
a t  th e  m ercu ry  s u r f a c e  ( 7 6 - 8 0 ) .
b e t a - p r o p i o l a c t o n e  and d i a l k y l  h y d ro g e n  p h o s p h i t e s  and t r i ­
a l k y l  p h o s p h i t e s  ( 8 1 ,  8 2 ) .  They found t h a t  the  f o l lo w in g  
r e a c t i o n s  o c c u r .
The p o l a r o g r a p h ic  b e h a v io u r  o f  the  b i n a r y  m ix tu r e s
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T hese  r e a c t i o n s  c o u ld  be c a t a l y z e d  t o  ta k e  p l a c e  a t  25°C . 
C lea v ag e  o f  th e  l a c t o n e  r i n g  a t  d i f f e r e n t  p o s i t i o n s  i s  due 
t o  th e  f a c t  t h a t  d i a l k y l  h y d ro g en  p h o s p h i t e s  c o n ta in  a  r e ­
p l a c e a b l e  h y d ro g e n ,  w h i le  t r i a l k y l  p h o s p h i t e s  a r e  b a s i c  in  
n a t u r e .  I t  was n o te d  t h a t  g a m m a-la c to n es  r e a c t  a t  h i g h e r  
t e m p e r a t u r e s  due t o  th e  g r e a t e r  s t a b i l i t y  o f  th e  gamma-  
l a c to n e  r i n g .  No a t t e m p t  t o  c a t a l y z e  th e s e  r e a c t i o n s  was 
r e p o r t e d .
T h is  t h e s i s  p r e s e n t s  a d e t a i l e d  s tu d y  on pH of 
D - g lu c u ro n o la c to n e  s o l u t i o n s  o v e r  a  wide ran g e  o f  c o n c e n t r a  
t i o n s  and i t s  r e l a t i o n s h i p  t o  th e  p o l a r o g r a p h ic  w ave, a s  
w e l l  a s  e x t e n d in g  th e  c o n c e n t r a t i o n  r a n g e .  The e f f e c t  o f  
c h a n g in g  s u p p o r t i n g  e l e c t r o l y t e s ,  maximum s u p p r e s s o r  concen  
t r a t i o n ,  and i o n i c  s t r e n g t h  i s  r e p o r t e d .  In  a d d i t i o n ,  th e  
e f f e c t  o f  a d d in g  p h o sp h a te  a s  H2PQj^ 7 HPO^2 - ,  and P O ^ _ bias 
be en  exam ined . P r e l im i n a r y  s t u d i e s  have  a l s o  b e e n  c a r r i e d  
o u t  w i th  D - g lu c u ro n ic  a c i d  and D -m a n n u ro n o la c to n e .
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CHAPTER I I
EXPERIMENTAL
1) M a t e r i a l s
G e l a t i n  ( p u r i f i e d ,  c a l f s k i n )  and  D - g l u c u r o n o l a c t -
one were o b t a i n e d  from  Eastm an O rg a n ic  C h e m ic a ls ;  D - g lu c u r ­
o n ic  a c i d ,  99%, from  Sigma C hem ical C o . ;  D -m annurono lac to ne  
from  G e n e ra l  B io c h e m ic a l s ,  I n c . ;  m ercu ry  ( t r i p l e  d i s t i l l e d )  
from  E n g e lh a rd  I n d u s t r i e s  o f  C an ad a , L t d . ;  and  L iC l ,  KC1, 
NaCl, KH2P0^, K2HP0^, KjPOj^, NaH2P0^, Na2HP0^, Na3PO^, 
NH^H2P0^, (NHj^)2HPO^, from F i s h e r  S c i e n t i f i c  C o . ,  L t d . ,  were 
a l l  F i s h e r  c e r t i f i e d  r e a g e n t s .
A l l  r e a g e n t s  were used  a s  r e c e i v e d  from th e  su p ­
p l i e r s .  S o l u t i o n s  were p r e p a r e d  u s i n g  d e io n i z e d  d i s t i l l e d
w a te r  in  a l l  c a s e s .  W ater  was o b ta in e d  by p a s s i n g  d i s t i l l e d  
w a t e r  th ro u g h  a  column c o n t a i n i n g  Rexyn 1 -3 0 0 ,  R e s e a rc h  
Grade r e s i n  ( a  mixed bed  r e s i n ) .
2) P r e p a r a t i o n  and. S t o r a g e  o f  S to c k  S o l u t i o n s
S to c k  s o l u t i o n s  o f  1 mg D - g lu c u r o n o - x - l a c to n e  p e r  
ml were p r e p a r e d  f r e s h  d a i l y  and were found  to  be s t a b l e  f o r  
a t  l e a s t  f i v e  h o u r s  a t  room t e m p e r a t u r e .  S to c k  s o l u t i o n s  
o f  D - g lu c u r o n ic  a c i d  and. D -m annurono lac tone  were p r e p a r e d  in  
a  s i m i l a r  m anner.
G e l a t i n  was g e n e r a l l y  p r e p a r e d  f r e s h  d a i l y ,
6
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7a l th o u g h  on o c c a s io n  a s o l u t i o n  was s t o r e d  o v e r n i g h t  i n  a 
r e f r i g e r a t o r .  A t no t im e  was a g e l a t i n  s o l u t i o n  u se d  t h a t  
was more th a n  36 h o u r s  o l d .
The v a r i o u s  s u p p o r t in g  e l e c t r o l y t e s  were p r e p a r e d  
a s  1 M s o l u t i o n s  a n d  were s t o r e d  i n  f l i n t  b o t t l e s .  Upon 
a g in g ,  th e  pH o f  t h e s e  s o l u t i o n s  i n c r e a s e s  a f f e c t i n g  th e  
u n b u f f e r r e d  s o l u t i o n s  w hich  were p o la r o g r a p h e d .  T h e r e f o r e ,  
th e  s o l u t i o n s  were p r e p a r e d  i n  5>00-ml b a t c h e s ,  and th e  r e s i ­
d u e ,  i f  a n y ,  was d i s c a r d e d  a f t e r  two w eeks .
M ethods
1) P o la r o g r a p h ic  D e te r m in a t io n  o f D -G lu c u ro n o la c to n e
( a )  C a l i b r a t i o n  f o r  th e  Range 0 -100  p g  D -g lu c u ro n o la c to n e  
p e r  m l.
Ten m i l l i l i t r e s  o f  a  1M s to c k  s o l u t i o n  o f  th e  
s u p p o r t i n g  e l e c t r o l y t e  (KC1, NaCl, o r  L iC l)  were added  to  a  
5>0-ral v o lu m e t r i c  f l a s k  v i a  a b u r e t t e  o r  a  p i p e t t e ,  th e n  2.5> 
ml o f  0 .1 $  g e l a t i n  s o l u t i o n  (maximum s u p p r e s s o r )  were added 
v i a  a Mohr p i p e t t e .  Thus th e  r e s u l t i n g  s o l u t i o n ,  upon 
d i l u t i o n ,  would be 0 .2  M w i th  r e s p e c t  to  s u p p o r t i n g  e l e c t r o ­
l y t e ,  and would c o n t a i n  0 .0 0 5 $  g e l a t i n .
The d e s i r e d  amount o f  D -g lu c u r o n o la c to n e  was th e n  
p i p e t t e d  from  a  s t o c k  s o l u t i o n  o f  1 mg D - g lu c u r o n o - » - l a c to n e  
p e r  m l. The s o l u t i o n  was th e n  d i l u t e d  to  vo lum e, m ixed , 
and  a sm a ll  amount was q u i c k l y  t r a n s f e r r e d  to  th e  p o l a r o ­
g ra p h ic  c e l l  (an  H - c e l l ) .  (NOTE: F o r  r e p r o d u c i b i l i t y ,  th e
s o l u t i o n  to  be p o la r o g r a p h e d  must be p r e p a r e d  from  th e  s to c k  
s o l u t i o n  o f  D - g lu c u ro n o la c to n e  ,ju3t b e f o r e  i t  i s  t o  be
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8p la c e d  i n  the  H - c e l l  and  d e a e r a t e d .  D i l u t e  s o l u t i o n s  t e n d  
t o  age r a p i d l y  th ro u g h o u t  t h i s  r a n g e .  The t im e  of m ix in g ,  
r i n s i n g  th e  c e l l ,  d e a e r a t i o n ,  and a c t u a l l y  ru n n in g  th e  p o l -  
a ro g ram  must be k e p t  a s  c o n s t a n t  a s  p o s s i b l e .  I t  i s  d e s i r ­
a b le  t o  s t a r t  a l l  p o la ro g ra m s  a t  the  same i n i t i a l  p o t e n t i a l  
and use  th e  same span  and c h a r t  sp eed  f o r  a l l  r u n s . )
The s o l u t i o n  t o  be a n a ly z e d  was p u rg ed  w i th  n i t r o ­
gen f o r  5 m in u te s  and th e  H - c e l l  t e m p e ra tu re  a d j u s t e d  to  
2$°C i n  a  t h e r m o s t a t  d u r i n g  t h i s  t im e .  (The t e m p e r a tu r e  o f  
th e  t h e r m o s t a t  was m a in ta in e d  2$tD ,1°C  by means o f  a  Haake 
th e rm o s te d  c i r c u l a t i n g  pump.)
The n i t r o g e n  was p u r i f i e d  by  p a s s i n g  th r o u g h  a 
g a s -w a s h in g  b o t t l e  c o n t a i n i n g  a  1 :1  ammonium h y d ro x id e  s o l u ­
t i o n  s a t u r a t e d  w i th  ammonium c h l o r i d e ,  and c o n t a i n i n g  some 
c o p p e r  t u r n i n g s .  Ammonia was removed by  su b s e q u e n t  p a s sa g e  
th ro u g h  a secon d  g a s -w a s h in g  b o t t l e  c o n t a i n i n g  1 M s u l p h u r i c  
a c i d .  The n i t r o g e n  was th e n  s a t u r a t e d  w i th  w a te r  by  b u b b l in g  
th ro u g h  two a d d i t i o n a l  g a s -w a s h in g  b o t t l e s  c o n t a i n i n g  H2O, 
th e  f i r s t  a t  room te m p e ra tu re  and  th e  second  a t  25°C.
The c e l l  was s e a l e d  im m e d ia te ly  a f t e r  d e a e r a t i o n  
t h e n  ru n  i n  th e  p o la r o g r a p h  o v e r  th e  v o l t a g e  rang e  - 1 .0  V t o  
- 2 . 0  V, w i th  th e  a p p r o p r i a t e  s e n s i t i v i t y  s e t t i n g .  F o r  t h i s  
p u r p o s e ,  th e  S a r g e n t  (E .  H. S a r g e n t  and  C o .)  model XXI 
p o la r o g r a p h  was u s e d .  The p o l a r o g r a p h ic  c e l l  was an H - c e l l  
w i th  a  s a t u r a t e d  c a lo m e l  e l e c t r o d e  a s  th e  r e f e r e n c e  e l e c t ­
r o d e .  A l l  E i  v a l u e s  a r e  r e p o r t e d  w i th  r e s p e c t  t o  th e  S .C .E .  
The c h a r a c t e r i s t i c s  o f  th e  c a p i l l a r y  were ra=1.785 mg s"^-,
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9t= 3 .5 3  s ,  816 -1 .^ .8  V. T h i s  g iv e s
a p r e s s u r e  c o r r e c t i o n  o f  3 .1  = 1 .6 8  cm o f  m e rc u ry .  The
( m t) ^ /3
t i p  o f  th e  c a p i l l a r y  was imm ersed a p p ro x im a te ly  3 .0  cm 
g i v i n g  an a d d i t i o n a l  c o r r e c t i o n  o f  0 .2 2  cm m e rc u ry .  T hus, 
th e  t o t a l  c o r r e c t i o n  i s  1 .9 0  cm m e rc u ry .  U n le s s  s t a t e d  
o t h e r w i s e ,  a l l  p o la ro g ra m s  were ru n  a t  5 0  cm m ercu ry  ( u n ­
c o r r e c t e d ) ,  i . e . ,  1|.8.1 cm m ercu ry  ( c o r r e c t e d ) .  No dam ping 
was u sed  a t  any  t im e .
(b )  C a l i b r a t i o n  f o r  th e  Range 0 -1000  ^ig D -G lu c u ro n o la c to n e  
p e r  m l.
The p r o c e d u re  was th e  same a s  ( a ) ,  e x c e p t  t h a t  
3 .7 5  ml o f  a  0 . 1$  g e l a t i n  s o l u t i o n  were added  t o  th e  f l a s k  
g i v i n g  a  f i n a l  g e l a t i n  c o n c e n t r a t i o n  o f  0 .0 0 7 5 $ .  Due t o  
th e  h ig g le r  rang e  o f l a c t o n e  c o n c e n t r a t i o n s ,  a  s t o c k  s o l u t i o n  
was n o t  p r e p a r e d .  R a t h e r ,  th e  d e s i r e d  amount o f  th e  l a c t o n e  
was weiggied i n t o  a  sm a l l  b e a k e r ,  th e n  t r a n s f e r r e d  q u a n t i t a t ­
i v e l y  t o  the  5 0 -ml f l a s k .  F o r  r e p r o d u c i b i l i t y ,  t h e  s o l u t i o n  
to  be p o la r o g r a p h e d  m ust be p r e p a r e d  j u s t  b e f o r e  i t  i s  to  
be p l a c e d  i n  th e  H - c e l l  and d e a e r a t e d .  T h is  i s  im p o r ta n t  
a t  th e  lo w e r  l e v e l s  i n  t h i s  r a n g e .  S o l u t i o n s  more c o n c e n ­
t r a t e d  th a n  600 pg D - g lu c u ro n o la c to n e  p e r  ml a r e  more s t a b l e  
and  c an  be p r e p a r e d  s e v e r a l  m in u te s  I n  a d v a n c e .
U sing  ra e th o d fb ) th e  f o l lo w in g  maximum s u p p r e s s o r s  
were a l s o  i n v e s t i g a t e d :  m e th y l  r e d  ( 0 . 00)4.$ ) ;  m e th y l  o ran g e
( 0 . 001$ ) ;  m e th y len e  b lu e  ( 0 . 001$ ) ;  broraphenol b lu e  ( 0 . 001$ ) ;
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T r i t o n  X -1 0 0 , a g a r ,  gum t r e g a c a n t h ,  and  p e p to n e ,  a l l  a t  
0.0075?$. G e l a t i n  i s  by f a r  th e  most e f f i c i e n t  i n  s u p p r e s s ­
in g  th e  maximum.
(c )  C a l i b r a t i o n  f o r  th e  C o n c e n t r a t i o n  Range E q u a l  t o  o r 
G r e a t e r  th a n  1 mg D -g lu c u ro n o la c to n e  p e r  m l.
The p ro c e d u re  was th e  same a s  i n  (b ) e x c e p t  t h a t  
5 . 0  ml o f  0 .1 $  g e l a t i n  s o l u t i o n  were added  t o  th e  f l a s k  
g i v i n g  a  f i n a l  g e l a t i n  c o n c e n t r a t i o n  o f  0 .0 1 $ .  The s o l u t i o n  
was d e a e r a t e d  i n  th e  H - c e l l  f o r  seven  m in u te s .
2) P o la r o g r a p h ic  d e t e r m i n a t i o n  o f  D -G lu c u ro n ic  Acid
The p ro c e d u re  used  was e x a c t l y  th e  same a s  p r o ­
c e d u re  ( a )  f o r  D - g lu c u r o n o la c to n e .  S o l u t i o n s  o f  D -g lu c u r o n ic  
a c i d  a p p e a r  t o  be q u i t e  s t a b l e  com pared t o  s o l u t i o n s  o f
D -g lu c u r o n o la c to n e  and  can  be p r e p a r e d  s e v e r a l  m in u te s  i n  
advance  o f  b e i n g  p l a c e d  i n  th e  H - c e l l .
3) P o la r o g r a p h ic  D e te r m in a t io n  o f  D -M annurono lac tone
The p ro c e d u re  was th e  same a s  i n  ( a )  f o r  D - g lu c -  
u r o n o la c to n e  e x c e p t  t h a t  a  c a p i l l a r y  o f
mg2 / 3 a - i was u se d .
ij.) Method of M e asu r in g  Wave H e ig h t s
The c u r r e n t  was d e te r m in e d  by  m u l t i p l y i n g  th e  
s e n s i t i v i t y  (jaa p e r  mm) by th e  wave h e i g h t  (mm). The wave 
h e i g h t  was ta k e n  t o  be th e  v e r t i c a l  d i s t a n c e  be tw een
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th e  p e ak s  o f  th e  o s c i l l a t i o n s  o f  th e  r e s i d u a l  c u r r e n t  c u rv e  
and  th e  p e a k s  o f  the  o s c i l l a t i o n s  on th e  p l a t e a u  a t  th e  same 
p o t e n t i a l .  The s t a n d a r d  " p o i n t ” m ethod (83) was u se d  t o  
m easure  th e  v e r t i c a l  t h e  e x t r a p o l a t e d  r e s i d u a l  c u r r e n t  c u rv e  
and  th e  e x t r a p o l a t e d  p l a t e a u .  In  c a s e s  where a maximum 
was p r e s e n t ,  th e  l i n e  th r o u g h  th e  p e a k s  o f  t h e  o s c i l l a t i o n s  
o f  th e  p l a t e a u  was drawn h o r i z o n t a l l y  th r o u g h  th e  lo w e s t  
p o i n t s  o f  th e  p l a t e a u .  T h is  was n e c e s s a r y  o n ly  f o r  th e  u p ­
p e r  30i<> o f  t h e  r a n g e s  0 -100  >ig p e r  m l, and  0-1000  jig  p e r  
m l.
$ )  pH M easu rem en ts  o f  D -G lu ru ro n o la c to n e  and D -G lu cu ro n ic  
A cid
The a p p r o p r i a t e  amounts o f  D - g l u c u r o n o la c to n e ,  o r  
D - g lu c u r o n ic  a c i d ,  o r  D -m a n n u ro n o la c to n e ,  s u p p o r t i n g  e l e c t ­
r o l y t e ,  and  g e l a t i n  were p l a c e d  i n  a  5 0 -m l v o lu m e t r i c  f l a s k  
a s  d e s c r i b e d  in  1) and  2 ) ,  and  th e  a p p r o p r i a t e  ty p e  o f  w a te r  
( d e i o n i z e d  o r  b o i l e d  d e io n iz e d )  was used  t o  d i l u t e  t h e  s o l ­
u t i o n  to  vo lum e . A p p ro x im a te ly  V~> ml o f  th e  s o l u t i o n  were 
p l a c e d  in  a  50-m l b e a k e r .  The b e a k e r  was p u t  i n t o  th e  t h e r ­
m o s ta t  a t  2f?°C and n i t r o g e n  was b u b b le d  th r o u g h  th e  s o l u t i o n  
v i a  a  f r i t t e d  g l a s s  b u b b l in g  tu b e  f o r  t h e  p r o p e r  l e n g t h  o f  
t i m e ,  a s  in  p r o c e d u r e s  1) and 2 ) ,  d e p e n d in g  on th e  c o n c e n ­
t r a t i o n ,  and  was th e n  p l a c e d  u n d e r  a pH m e te r  w hich  had  
j u s t  been  s t a n d a r d i z e d .
pH m easu rem en ts  were made w i th  a  R a d io m e te r  ty p e  
TTTlc t i t r a t o r  (u s e d  a s  a  pH m e te r )  and a R a d io m e te r  model 
FHA630T s c a l e  e x p a n d e r .  The m e te r  was s t a n d a r d i z e d  w i th
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b u f f e r s  o f  pH 14..01 ( 0 .0 5  M p o ta s s iu m  a c i d  p h t h a l a t e )  and
6 .J4.8 (R a d io m e te r  b u f f e r  s o l u t i o n  S 1 0 0 1 ) .
6) A d d i t io n  o f  P h o sp h a te
P h o sp h a te  s to c k  s o l u t i o n s  w ere  p r e p a r e d  a s  e i t h e r  
1 mg P 0 ^ 3 -  p e r  mi o r  a s  10 mg P 0 ^ 3 -  p e r  ml r e g a r d l e s s  o f  
th e  c a t i o n .  The d e s i r e d  amount o f p h o sp h a te  was p i p e t t e d  
i n t o  a  5o-ral v o lu m e t r i c  f l a s k  c o n t a i n i n g  g e l a t i n ,  s u p p o r t i n g  
e l e c t r o l y t e ,  and  th e  a p p r o p r i a t e  amount o f  D - g l u c u r o n o l a c t ­
o n e ,  D -g lu c u r o n ic  a c i d ,  o r  D -m an n u ro n o la c to n e .  The s o l u t i o n  
was d i l u t e d  to  vo lum e, m ix ed , and t r e a t e d  a s  d e t a i l e d  in  
m ethod 1 .  The pH o f  th e  s o l u t i o n  was d e te rm in e d  a s  d e t a i l e d  
i n  m ethod ij..
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
CHAPTER I I I
RESULTS
A t y p i c a l  p o la ro g ra ra  i s  shown i n  P i g .  1 .  The r e ­
s u l t s  f o r  th e  c a l i b r a t i o n  o f  D - g lu c u r o n o - y - l a c to n e  f o r  th e  
t h r e e  c o n c e n t r a t i o n  r a n g e s  a r e  shown i n  P i g s .  2 ,  3 ,  and  1^ . 
Above a c o n c e n t r a t i o n  o f  6000 jig  l a c t o n e  p e r  m l ,  th e  wave 
h e i g h t s  c o u ld  n o t  be r e p r o d u c e d .  Where KC1 i s  tn e  s u p p o r t ­
i n g  e l e c t r o l y t e ,  th e  v a l u e s  g iv e n  a r e  th e  a v e r a g e s  o f  t r i p ­
l i c a t e  d e t e r m i n a t i o n s .  When NaCl o r  L iC l i s  th e  s u p p o r t i n g  
e l e c t r o l y t e ,  t h e  v a l u e s  a r e  t h e  a v e r a g e s  of d u p l i c a t e  d e t e r  
m in a t io n s .
The g e l a t i n  c o n c e n t r a t i o n  was k e p t  a s  low a s  p o s ­
s i b l e  t o  o b t a i n  maximum s e n s i t i v i t y ,  b u t  i t  was fo u n d  t h a t  
maxima a p p e a re d  i n  t h e  u p p e r  30$ o f  t h e  lo w e r  and m idd le  
r a n g e s .  T h e r e f o r e ,  when p r o c e e d in g  to  t h e  n e x t  h i g h e s t  
r a n g e ,  t h e  g e l a t i n  c o n c e n t r a t i o n  was i n c r e a s e d .  Such an in  
c r e a s e  h a s  o n ly  a  s m a l l  e f f e c t  on th e  h a l f -w a v e  p o t e n t i a ?  
b u t  r e d u c e s  th e  s e n s i t i v i t y .  F o r  e x a m p le ,  when th e  D -g lu c u  
r o n o la c to n e  c o n c e n t r a t i o n  was 20 ug  p e r  m l, th e  wave was 
w e l l  d e f i n e d  i n  th e  p re s e n c e  o f  0 .0 0 5 $  g e l a t i n ,  b u t  was 
v i r t u a l l y  e l i m i n a t e d  i n  th e  p r e s e n c e  o f  0 .0 0 7 5 $  g e l a t i n .
The e f f e c t  o f  v a r y i n g  th e  c o n c e n t r a t i o n  o f  th e  maximum su p ­
p r e s s o r  on th e  d i f f u s i o n  c u r r e n t  o f  D -g lu c u ro n o la c to n e  i s  
r e p o r t e d  in  T ab le  I .
13
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F ig u r e  1 .  A t y p i c a l  p o la ro g ra ra  and a  no rm al b l a n k .
a  -  p o la ro g ra m  o f  D - g lu c u r o n o la c to n e  
b -  b l a n k










- 1.7- 1.4 1.5 - 1.6- 1.3- 1.2
VOLTAGE vs. S.C.E.
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F ig u r e  2 .  C a l i b r a t i o n  c u rv e  a f o r  th e  ra n g e  0 -100  jag 
o f  D -g lu c u ro n o l& c to n e  p e r  m l.  A l l  s o l u t i o n s  i n  t h i s  ran g e  
were 0 .2  M i n  s u p p o r t i n g  e l e c t r o l y t e  and  O.OOf# w i th  r e s p e c t  
t o  g e l a t i n ,  o KC1 a s  s u p p o r t i n g  e l e c t r o l y t e ;  a NaCl a s  
s u p p o r t i n g  e l e c t r o l y t e ;  •  L iC l  a s  s u p p o r t i n g  e l e c t r o l y t e .
KC1 a s  s u p p o r t i n g  e l e c t r o l y t e  -  a v e ra g e  o f  t r i p l i c a t e  d e t e r ­
m in a t io n s .
NaCl o r  L iC l  a s  s u p p o r t i n g  e l e c t r o l y t e  -  a v e ra g e  o f  d u p l i c a t e  
d e t e r m i n a t i o n s .





















D-GLUCURONOLACTONE ( g gm / ml)
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F ig u r e  3» C a l i b r a t i o n  c u r v e s  f o r  t h e  ra n g e  0 -1000  
jug D -g lu c u r o n o la c to n e  p e r  ml* A l l  s o l u t i o n s  i n  t h i s  ra n g e  
were 0 .2  M in  s u p p o r t i n g  e l e c t r o l y t e  and 0 .0 0 7 5 #  w i th  r e s p e c t  
t o  g e l a t i n ,  o KC1 a s  s u p p o r t i n g  e l e c t r o l y t e ;  a NaCl a s  
s u p p o r t i n g  e l e c t r o l y t e ;  •  L iC l  a s  s u p p o r t i n g  e l e c t r o l y t e .
KC1 a s  s u p p o r t i n g  e l e c t r o l y t e  -  a v e ra g e  o f  t r i p l i c a t e  d e t e r ­
m in a t io n s .
NaCl o r  L iC l  a s  s u p p o r t i n g  e l e c t r o l y t e  -  a v e ra g e  o f  d u p l i c a t e  
d e t e r m i n a t i o n s .
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F i g u r e  I4.. C a l i b r a t i o n  c u r v e s  f o r  th e  ran g e  0 -6  rag 
D -g lu c u ro n o la c to n e  p e r  m l.  A l l  s o l u t i o n s  i n  t h i s  ran g e  were 
0 .2  M in  s u p p o r t i n g  e l e c t r o l y t e  and 0 . 01#  w i t h  r e s p e c t  to  
g e l a t i n .  o KC1 a s  s u p p o r t in g  e l e c t r o l y t e ;  o NaCl a s  su p ­
p o r t i n g  e l e c t r o l y t e ;  •  L iC l  a s  s u p p o r t i n g  e l e c t r o l y t e .
KC1 a s  s u p p o r t i n g  e l e c t r o l y t e  -  a v e ra g e  o f  t r i p l i c a t e  d e t e r ­
m in a t io n s .
NaCl o r  L iC l a s  s u p p o r t i n g  e l e c t r o l y t e .





















D-GLUCURONOLACTONE (m g/m l)
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L egend t o  T ab le  I .  E f f e c t  o f  maximum s u p p r e s s o r  
c o n c e n t r a t i o n  on th e  d i f f u s i o n  c u r r e n t  o f  D -g lu c u ro n o la c to n e  
f o r  v a r i o u s  e l e c t r o l y t e s .  Ai 0,00$%  g e l a t i n  f o r  100  jag 
l a c t o n e  p e r  m l,  0 , 007$% g e l a t i n  f o r  1000  jig  l a c t o n e  p e r  ml* 
B: 0,007$%  g e l a t i n  f o r  100 jag l a c t o n e  p e r  m l,  0 .0 1 #  g e l a t i n
f o r  1000  j ig  l a c t o n e  p e r  m l.
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TABLE I
D-G1uc u r  o n o la c  to n e  
jig/ml
S u p p o r t in g




100 KOI 1*66 1 .6 0
NaCl 1 .5 0 i . l f 2
L iC l 1 .3 3 1 .2 3
1000 KC1 2 1 .0 1 7 .5
NaCl 1 9 .0 1*4.0
L iC l 16.14- 1 3 .0
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V a ry in g  th e  c o n c e n t r a t i o n  o f  th e  s u p p o r t i n g  e l e c t ­
r o l y t e  h a s  l i t t l e  e f f e c t  on th e  d i f f u s i o n  c u r r e n t  o f  t h e  pH 
a s  th e  d a t a  i n  T ab le  I I  i l l u s t r a t e .  The e f f e c t  o f  v a r y i n g  
th e  t e m p e r a tu r e  i s  shown i n  F ig u r e  5»
The r e l a t i o n s h i p  be tw een  t h e  c o n c e n t r a t i o n  o f  
D -m an n u ro n o lac to n e  and th e  d i f f u s i o n  c u r r e n t  i s  shown i n  F i g ­
u re  6 . A t a c o n c e n t r a t i o n  o f  20 p g D -m annu ro no lac to ne  p e r  
m l, th e  wave i s  q u i t e  t i l t e d .  The w aves a t  5>0, 80 , and 100 
jag D -m an n u ro n o lac to n e  p e r  ml e x h i b i t e d  maxima. The h e i g h t  
o f  th e  maximum i n c r e a s e d  a s  th e  c o n c e n t r a t i o n  i n c r e a s e d .
A t te m p ts  t o  d e te rm in e  th e  c o n c e n t r a t i o n  o f  D - g lu c -  
u r o n ic  a c i d  were u n s u c c e s s f u l  due t o  th e  wide v a r i a t i o n  o f  
d i f f u s i o n  c u r r e n t s  (± 10$) a t  i d e n t i c a l  c o n c e n t r a t i o n s  o f  th e  
h e x u ro n ic  a c i d .
An a t t e m p t  was made t o  d e te rm in e  a c c u r a t e l y  th e  
h a l f - w a v e  p o t e n t i a l  o f  D - g lu c u r o n o la c to n e ,  b u t  due to  i t s  
i n s t a b i l i t y  i n  a q u eo u s  s o l u t i o n ,  th e  r e s u l t s  a re  n o t  r e l i ­
a b l e .  The a p p ro x im a te  h a l f - w a v e  p o t e n t i a l  f o r  D -g lu c u ro n o ­
l a c t o n e  was fo und  t o  be - l . i j .8 V v s .  S .G .E .  f o r  th e  ran g e  
0 -10 0  ;ig p e r  m l, - 1 .5 3  V v s .  S .C .E .  f o r  th e  ran g e  0-1000  pg  
p e r  m l,  and  - 1 ,6 0  V v s .  S .C .E .  f o r  th e  ran g e  0 -6000  p g  p e r  
m l. The h a l f - w a v e  p o t e n t i a l s  o f  D - g lu c u ro n ic  a c i d  and  D- 
m a n n u ro n o lac to n e  a p p e a r  t o  be th e  same a s  t h a t  o f  D - g lu c u r -  
o n o la c to n e  f o r  th e  ran g e  0 -10 0  jig P®** m l.
The wave e x h i b i t e d  by D -g lu c u r o n o la c to n e  was i n ­
v e s t i g a t e d  a t  v a r i o u s  h e i g h t s  o f  m e rc u ry .  The r e s u l t s  o b ­
t a i n e d  w i th  a  c o n c e n t r a t i o n  o f  80  p g  l a c t o n e  p e r  ml a r e
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Legend t o  T ab le  I I .  The e f f e c t  o f  v a r y i n g  s u p p o r t i n g  
e l e c t r o l y t e  c o n c e n t r a t i o n  on th e  d i f f u s i o n  c u r r e n t  and  pH o f  
D -g lu c u r o n o la c to n e  (80  p g  p e r  m l ) .  A l l  s o l u t i o n s  were 0 .0 0 5 $  
w i th  r e s p e c t  t o  g e l a t i n ,  and  th e  s u p p o r t i n g  e l e c t r o l y t e  i n  
a l l  c a s e s  was KOI.
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TABLE I I
C o n c e n t r a t i o n  o f  
KCI (mole s / l i t  r e ) pH
D i f f u s i o n  c u r r e n t  
P*
0 .1 5 . 0i|. 1.16k
0 .2 5 .0 8 1 .2 0 0
0.14- 5 .0 7 1 .2 3 6
6)  ^ C *.? r |
fsm  . . .  vi*
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F i g u r e  5 .  The e f f e c t  o f  t e m p e r a tu r e  on th e  d i f ­
f u s i o n  c u r r e n t  o f  80 pg  D - g lu c u r o n o la c to n e  p e r  m l. A l l  
s o l u t i o n s  were 0 .2  M i n  KC1 and  0 . 005#  w i th  r e s p e c t  t o  g e l a t i n .















TEM PERA TUR E (°C)
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F i g u r e  6 .  C a l i b r a t i o n  c u rv e  f o r  D -ra a n n u ro n o la c t-  
o n e .  V a lu e s  shown a r e  a v e r a g e s  o f  t r i p l i c a t e  d e t e r m i n a t i o n  
A l l  s o l u t i o n s  c o n t a i n  0*2 M EC1 and a r e  0 .0 0 5 #  w i th  r e s p e c t  
t o  g e l a t i n .























D-M ANNURONO LACTO NE  
(jug /  m l)
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shown i n  F i g u r e  7 ,  F i g u r e s  8 - 9 ,  1 0 -1 1 ,  r e p r e s e n t  c o n c e n ­
t r a t i o n s  o f  8 00 , and I4.OOO jag/ral, r e s p e c t i v e l y .  B ecause  o f  
t h e  l a c k  o f  r e p r o d u c i b i l i t y  o f  D -g lu c u r o n ic  a c i d  s o l u t i o n s ,  
a  p r e c i s e  s tu d y  c o u ld  n o t  be made. I t  was fo u n d ,  h o w e v e r ,  
t h a t  t h e r e  was an i n c r e a s e  i n  th e  d i f f u s i o n  c u r r e n t  w i th  an 
i n c r e a s e  i n  th e  h e i g h t  o f  th e  m ercu ry  column ( f o r  a  c o n c e n ­
t r a t i o n  o f  100  jig a c i d  p e r  m l ) .
When th e  h e i g h t  o f  th e  m erc u ry  column was v a r i e d  
f o r  D -m an n u ro n o lac to n e  ( a t  a  c o n c e n t r a t i o n  o f  a p p r o x im a te ly  
80 Pg P®r m l ) ,  r e s u l t s  d i f f e r e n t  from  th o s e  o b t a i n e d  w i th  a  
s i m i l a r  s o l u t i o n  o f  D - g lu c u r o n o la c to n e  were o b s e rv e d  and a re  
shown in  F i g u r e  1 2 .  D a ta  f o r  D -raannu ro no lac ton e  p l o t t e d  v s .  
th e  s q u a re  r o o t  o f  th e  h e i g h t  o f  th e  m ercu ry  column a re  
shown i n  F i g u r e  13 .
The pH s tu d y  o f  D - g lu c u r o n o la c to n e  i s  r e p o r t e d  in  
T a b le s  I I I ,  IV , V, and  V I .  In  t h e  d i l u t e  r a n g e ,  th e  r e p r o ­
d u c i b i l i t y  i s  a b o u t  t o . 15 pH u n i t  f o r  s o l u t i o n s  o f  D -g lu c u -  
r o n o la c to n e  a l o n e .  The g r e a t e r  th e  c o n c e n t r a t i o n  o f  l a c t o n e  
th e  more r e p r o d u c i b l e  a r e  th e  pH v a l u e s .  The p r e c i s i o n  
i n c r e a s e s  i n  th e  p r e s e n c e  o f  s u p p o r t i n g  e l e c t r o l y t e ,  p a r t i c u ­
l a r l y  when g e l a t i n  i s  a l s o  p r e s e n t ;  e . g . ,  i n  t h e  d i l u t e  
r a n g e ,  th e  r e p r o d u c i b i l i t y  o f  t h e  s o l u t i o n s  c o n t a i n i n g  sup ­
p o r t i n g  e l e c t r o l y t e  and  g e l a t i n  i s  a b o u t  to.05 pH u n i t .
The r e s u l t s  o f  p r e l i m i n a r y  pH s t u d i e s  o f  D -m annur- 
o n o la c to n e  and D -g lu c u r o n ic  a c i d  a r e  g iv e n  i n  T a b le s  V II  and  
V I I I ,  r e s p e c t i v e l y .  The r e p r o d u c i b i l i t y  was foun d  to  be 
s i m i l a r  t o  D -g lu c u r o n o la c to n e  s o l u t i o n s .
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F ig u r e  7 . V a r i a t i o n  o f  wave h e i g h t  w i th  th e  h e i g h t  
o f  th e  m ercu ry  co lum n . A l l  s o l u t i o n s  a r e  0 .2  M i n  s u p p o r t ­
i n g  e l e c t r o l y t e ,  0 . 005#  w i t h  r e s p e c t  t o  g e l a t i n ,  an d  c o n ta in  
80 jig D - g lu c u r o n o la c to n e  p e r  m l. o  KC1 a s  s u p p o r t i n g  e l e c ­
t r o l y t e ;  o NaCl a s  s u p p o r t i n g  e l e c t r o l y t e ;  •  L iC l  a s  su p ­
p o r t i n g  e l e c t r o l y t e .  The h o r i z o n t a l  l i n e s  r e p r e s e n t  th e  
a v e ra g e  i p  a t  a  column h e i g h t  o f  $0  cm m ercu ry  ( u n c o r r e c t e d )  
f o r  th e  i n d i c a t e d  e l e c t r o l y t e s .
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F i g u r e  8 .  V a r i a t i o n  o f  wave h e i g h t  w i th  th e  h e i g h t  
o f  t h e  m ercu ry  co lum n. A l l  s o l u t i o n s  a r e  0 .2  M i n  s u p p o r t i n g  
e l e c t r o l y t e ,  0 . 0075#  g e l a t i n ,  and c o n ta in  800  jug D - g lu c u r o -  
n o la c to n e  p e r  m l. o KC1 a s  s u p p o r t i n g  e l e c t r o l y t e ;  o  NaCl 
a s  s u p p o r t i n g  e l e c t r o l y t e ;  •  L iC l  a s  s u p p o r t i n g  e l e c t r o l y t e .
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F i g u r e  9 .  V a r i a t i o n  o f  wave h e i g h t  w i th  th e  sq u a re  
r o o t  o f  th e  h e i g h t  o f  t h e  m ercu ry  co lum n. A l l  s o l u t i o n s  a re  
0 .2  M i n  s u p p o r t i n g  e l e c t r o l y t e ,  0 . 0075#  w i t h  r e s p e c t  t o  g e l ­
a t i n ,  and c o n t a i n  800 jug D - g lu c u r o n o la c to n e  p e r  m l. O KC1 
a s  s u p p o r t i n g  e l e c t r o l y t e ;  a NaCl a s  s u p p o r t i n g  e l e c t r o l y t e ;
•  L iC l a s  s u p p o r t i n g  e l e c t r o l y t e .
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F i g u r e  10 . V a r i a t i o n  o f  wave h e i g h t  w i th  th e  h e i g h t  
o f  the  m ercu ry  column* A l l  s o l u t i o n s  a r e  0 .2  M i n  s u p p o r t i n g  
e l e c t r o l y t e ,  0 . 01$  w i th  r e s p e c t  t o  g e l a t i n ,  and  c o n t a i n  lj.000 
jag D - g lu c u r o n o la c to n e  p e r  m^. o  KC1 a s  s u p p o r t in g  e l e c t r o ­
ly t e *  o NaCl a s  s u p p o r t i n g  e l e c t r o l y t e ;  •  L iC l  a s  s u p p o r t ­
i n g  e l e c t r o l y t e .
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1*0
F i g u r e  1 1 , V a r i a t i o n  o f  t h e  wave h e i g h t  w i th  th e  
sq u a re  r o o t  o f  t h e  h e i g h t  o f  th e  m ercu ry  column* A l l  s o l u ­
t i o n s  a r e  0*2  M i n  s u p p o r t i n g  e l e c t r o l y t e ,  0 . 01$  w i th  r e s p e c t  
to  g e l a t i n ,  and  c o n t a i n  I4.OOO pg  D - g lu c u r o n o la c to n e  p e r  m l.
o KC1 a s  s u p p o r t i n g  e l e c t r o l y t e ;  a  NaCl a s  s u p p o r t i n g  
e l e c t r o l y t e ;  •  L iC l  a s  s u p p o r t i n g  e l e c t r o l y t e .
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F ig u r e  12 . V a r i a t i o n  o f  wave h e i g h t  w i th  t h e  h e i g h t  
of th e  m erc u ry  co lum n. Vave h e i g h t s  were d e te rm in e d  u s i n g  
th e  same c e l l  s o l u t i o n  w hich  c o n t a i n e d  a p p r o x im a te ly  80 jag 
D -raannu ron o lac tone  p e r  ml i n  0 .2  M KC1 ana 0 .0 0 5 #  g e l a t i n .
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F ig u r e  13 . V a r i a t i o n  o f  wave h e i g h t  w i th  th e  sq u a re  
r o o t  o f  th e  h e i g h t  o f  th e  m ercu ry  co lum n. Wave h e i g h t s  were 
d e te rm in e d  u s in g  th e  same c e l l  s o l u t i o n  w hich  c o n ta in e d  a p ­
p r o x im a te ly  80 ju© D -m an n u ro n o lac to n e  p e r  ml i n  0 .2  M KC1 and  
0 .0 0 £ $  g e l a t i n .
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Legend to  T a b le  I I I ,  pH s tu d y  o f  D - g l u c u r o n o l a c t -  
one in  b o i l e d  d e io n i z e d  w a t e r ,  show ing t y p i c a l  v a l u e s .  In  
th e  d i l u t e  r a n g e ,  th e  v a l u e s  f o r  th e  d i l u t e  ran g e  a r e  r e p r o ­
d u c ib l e  t o  to.l£ pH u n i t .  As th e  c o n c e n t r a t i o n  o f  th e  l a c t o n e  
i s  i n c r e a s e d ,  th e  r e p r o d u c i b i l i t y  becom es g r e a t e r .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
J+7
TABLE I I I
pH S tu d y  of D -G lu c u ro n o la c to n e  i n  B o i le d  D e io n iz e d  W ater
L a c to n e PH pH d e a e r a t e d
MS / « ! s o l u t i o n s o l u t  ion
0 5 .7 5 5 .9 4
20 5 .8 5 6 .5 3
40 5 .8 8 6 .6 3
60 5 .8 2 6 .4 6
80 5 .7 3 6 .2 5
100 5 .6 7 6 .3 2
200 5 .6 3 5 .8 9
400 5 .5 5 5 .8 2
600 5.1+7 5 .8 1
700 5 . 3 8 5 .6 8
800 5 . 3 6 5 .7 0
1000 5 .2 9 5 .6 1
2000 5 .3 6 5 .5 5
3 0 0 0 1+. 82 5 .3 0
4000 5 . o i 5 .3 3
5 oo o 4 .6 5 5 .3 4
6000 4 .5 8 4 .9 9
7000 4 - 5 7 4 .6 6
8 0 0 0 4 .4 1 4 * 6 3
90 0 0 4 .3 7 4 .7 4
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T a b le  I I I  ( c o n t in u e d
10000 4 .3 5 14-14.9
12000 it-. 25 1+.38
15000 14-. 19 14-29
20000 I4..OO I4-.O7
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Legend to  T ab le  IV . pH s tu d y  o f  D -g lu c u ro n o la c to n e  
i n  0 .2  M KC1, showing t y p i c a l  v a l u e s .  As b o i l e d  d e io n i z e d  
w a t e r ,  no g e l a t i n ;  B: b o i l e d  d e io n iz e d  w a t e r ,  no g e l a t i n ,
d e a e r a t e d  s o l u t i o n ;  C: d e io n i z e d  w a t e r ,  g e l a t i n ,  d e a e r a t e d
s o l u t i o n ;  D: b o i l e d  d e io n i z e d  w a t e r ,  g e l a t i n ,  d e a e r a t e d
s o l u t i o n .
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TABLE IV
pH S tu d y  o f  D-- G lu e u r o n o la c to n e i n  0 .2  M KC1
L a c to n e A B G D
j u g / m l PH PH PH PH
0 5 .7 6 6 . I4.9 5 .0 9 5 .2 0
20 5 .6 7 6 .0 2 5 .1 6 5 .1 8
bo 5 .7 6 6 .3 5 5 .1 9 5 .2 3
60 5 .6 3 6 .0 0 5 .2 7 5 .2 0
80 5 .5 9 6 .1 1 5 .0 8 5 .1 8
1 00 5 .8 6 6 .2 3 5 .  llj- 5 .2 1
0 5 .8 5 6 .5 3 5 .2 3 5 .3 0
20 0 6 .0 2 6 .2 8 5 .2 6 5 .2 8
IfOO 5 .8 5 6 .0 5 5 .1 7 5 .2 5
600 5 .7 6 5 .9 9 5 .2 3 5 .3 1
80 0 5 -7 if 5 .8 9 5 .1 5 5 .3 0
1 0 0 0 5.71}- 5 .8 1 5 .1 8 5 .  I lf
0 5 .8 5 6 .5 3 5 .0 7 5 .3 8
2 0 0 0 5 .3 6 5.1*6 if. 96 5 .0 0
3000 5 .1 3 5.1+-8 I f . 92 lf .9 if
14.000 5 .1 3 5 .3 7 If. 90 I f . 88
5 o o o if .9 if 5 .0 1 If. 77 if . 79
6 0 0 0 If. 88 if . 88 I f . 77 if .  81
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T able IV (continued)
7000 k* 75 1+.78 14-78 14-72
8000 u .7 2 k-79 4 * 6 9 I4- . 6 I
9000 Ip. 60 U-. 63 If-.63 14-55
10000 I+.6  2 14-.58 if* 62 14-58
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Legend t o  T a b le  V. pH s tu d y  o f  D - g lu c u r o n o la c to n e  
I n  0 .2  M NaCl, show ing  t y p i c a l  v a l u e s .  Column A: b o i l e d
d e io n i z e d  w a t e r ,  no g e l a t i n ;  column B: b o i l e d  d e io n iz e d
w a t e r ,  no g e l a t i n ,  d e a e r a t e d  s o l u t i o n ;  column C: d e io n i z e d
w a t e r ,  g e l a t i n ,  d e a e r a t e d  s o l u t i o n ;  column Dj b o i l e d  d e io n ­
i z e d  w a t e r ,  g e l a t i n ,  d e a e r a t e d  s o l u t i o n .
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TABLE V
pH S tu d y  o f  D--g lu e u r o n o la c to n e in  0 . 2  M NaCl
L ac to n e A B C D
M & /m l PH PH PH PH
0 6 .0 1 6 .6 2 5.51* 5 .7 6
20 5 .9 0 6.1*5 5 . 5 i 5 .6 8
i*o 5 .8 6 6 .3 7 5.1*8 5 .8 2
60 5 .9 6 6 . 14.3 5.51* 5 .7 1
80 5 .7 7 6 .3 7 5.1*1 5 .6 6
100 5 .9 3 6 .2 8 5 .8 6 5 .9 3
0 6.1*3 6 .6 2 5.21* 5 .1 1
200 6 .0 7 6 .3 8 5 .1 7 5 . H
1*00 5 .8 8 6 .0 6 5 .3 0 5 .1 6
6 00 5 .9 5 6 .1 1 5.1*1 5 .2 0
800 5 .9 3 6 .0 0 5 .0 3 5 .0 8
1 0 0 0 5 .7 3 6 .0 0 5 .2 2 5.01*
0 6 .0 2 5 .9 5 5 .0 6 5 .2 8
2 0 0 0 5 .5 7 5 .8 2 l* .9 5 5 .0 8
3 0 0 0 5 .3 0 5 .5 0 1*. 90 5 .0 3
14.000 5.21* 5.1*0 1*.85 l*.9i*
5 0 0 0 5 .0 5 5 .1 1 1*.79 5 .0 1
6 0 0 0 14-. 96 It-.99 1*. 76 1*. 81*
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T able V (continued)
7 0 0 0 1+. 83 k-& 9 k - 7 l I4..82
8 0 0 0 i^ .7 8 14-.87 k-72 14-. 76
90 0 0 k-72 k - 7 7 k-6k k-72
1 0 0 0 0 k - 7 0 k - 7 0 it-. 60 It-.68
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Legend t o  T a b le  V I .  pH s tu d y  of D -g lu c u ro n o la c to n e  
In  0 .2  M L iC l ,  showing t y p i c a l  v a l u e s .  Column A: b o i l e d  
d e io n i z e d  w a t e r ,  no g e l a t i n ;  column B: b o i l e d  d e io n iz e d  
w a t e r ,  no g s l a t i n ,  d e a e r a t e d  s o l u t i o n ;  column C: d e io n iz e d
w a t e r ,  g e l a t i n ,  d e a e r a t e d  s o l u t i o n ;  column D; b o i l e d  d e io n iz e d  
w a t e r ,  g e l a t i n ,  d e a e r a t e d  s o l u t i o n .
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TABLE VI
pH S tud y  o f  D -g lu c u r o n o la c to n e  in  0 .2  M L iC l
L ac to n e A B G D
MS /  ml PH pH PH PH
0 6 .2 1 6 .7 2 6 .4 6 6 .3 8
2 0 6 .0 6 6 .3 8 6 .1 0 6 .2 5
40 6 .1 8 6 .0 9 6 .1 8 6 .2 8
60 6 .0 5 6 .2 0 6 .2 5 6 .3 0
80 6 .0 7 6 .4 7 6 .0 5 6 .0 8
100 6 .0 6 6 .5 4 6 .2 0 6 .4 6
0 6 .2 1 6 .8 4 5 .7 6 6 .2 9
200 6 .  l l ; 6 .4 7 5 .7 6 6 .3 2
1+00 6 .0 7 6 .6 * 5 .8 8 6 .1 2
60 0 6 .0 1 6 .3 7 5 .5 7 6 .1 2
80 0 5 .9 7 6 .2 6 5 .6 6 6 .0 6
10 0 0 6 . 11| 6 .3 2 5 .8 3 6 .0 4
0 6 .1 |5 6 .9 3 5 .2 7 5 .5 4
2 0 0 0 5 .7 2 5 .6 2 5 .1 2 5 .1 5
3 0 0 0 5 .5 0 5 .3 8 5 .0 9 5 .0 8
4000 5 .2 5 5 .2 0 5 .0 2 5 .0 6
5000 5 .1 5 5 . i o 4 .9 4 4 .9 5
6000 4 .9 7 5 .0 2 4 .9 2 4 .8 8
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T able VI C on tin ued)
7000 If. 81* 1*. 61*. 1* . 82 1*.83
8000 14-.72 1+.76 It-. 78 U .7 6
9000 i* .6 3 4 .6 8 if. 73 14-73
10000 14..57 1*.57 !+• 70 14-66
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F i g u r e  llj. i l l u s t r a t e s  th e  e f f e c t  o f  pH on th e  
d i f f u s i o n  c u r r e n t  o f  D - g lu c u r o n ic  a c i d  (50  pg  p e r  m l ) .  F i g ­
u r e s  15 and  16 show th e  v a r i a t i o n  o f  d i f f u s i o n  c u r r e n t  w i th  
pH f o r  D - g lu e u r o n o la c to n e  (8 0  jug p e r  m l ) .  F i g u r e  16 i s  
m e re ly  an ex panded  v e r s i o n  o f  F i g u r e  1 5 . A p p ro x im a te ly  
0 .0 1 5  tneq KOH h ad  t o  be  added  t o  a s o l u t i o n  c o n t a i n i n g  $0  pg 
D -g lu c u r o n ic  a c i d  p e r  ml t o  e l i m i n a t e  i t s  wave, and a p p r o x i ­
m a te ly  0 .0 7  meq were added t o  D -g lu c u ro n o la c to n e  (whose c o n ­
c e n t r a t i o n  was 80 jig p e r  ml) t o  p ro d u ce  a s i m i l a r  r e s u l t .
F ig u r e  17 shows th e  e f f e c t  on th e  d i f f u s i o n  c u r r e n t  
o f  c h a n g in g  th e  pH o f  s o l u t i o n s  c o n t a i n i n g  1000 pg D -g lu c -  
u ro n o la c to n e  p e r  ml* The pH was a d j u s t e d  w i th  0 ol  N HC1 and 
0 .1  N KOH. At a pH o f  a b o u t  7* th e  s o l u t i o n  i s  a  f a i n t  
y e l lo w - g r e e n  c o l o u r .  T h is  c o lo u r  i s  i n c r e a s i n g l y  a p p a r e n t  
i n  s o l u t i o n s  o f  h i g h e r  pH.
No e x p e r im e n t s  i n v o lv i n g  pH a d ju s tm e n t  were p e r ­
form ed w i th  D -m a n n u ro n o la c to n e .
T a b le s  IX t o  XVII i n c l u s i v e  show t h e  e f f e c t  o f  
p h o sp h a te  on th e  p o l a r o g r a p h ic  b e h a v io u r  o f  D -g lu c u ro n o ­
l a c t o n e .  T a b le  X V III shows t h e  e f f e c t  o f p h o sp h a te  on D- 
g lu c u r o n ic  a c i d .  A p r e l i m i n a r y  s tu d y  was made w i t h  D-mannu- 
r o n o la c to n e  and KHgPO^. When 10 pg P0jj3- k ad b een  added 
p e r  ml to  a  s o l u t i o n  c o n t a i n i n g  100 pg  D -raan nu rono lac tone  
p e r  m l, t h e r e  was a s l i g h t  d e c r e a s e  i n  th e  d i f f u s i o n  c u r r e n t  
( f ro m  2 .5 1  pa  t o  2 .3 7  p a ) ,  and no change in  th e  pH o f  th e  
s o l u t i o n .  When 30 p g  P 0 ^ “ was added  p e r  m l, t o  a  d u p l i c a t e  
l a c t o n e  s o l u t i o n ,  t h e r e  was a v e r y  i n d i s t i n c t  wave whose E i
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
was a p p ro x im a te ly  - 1 .6 0  V ( i . e . ,  no D - ip a n n u ro n o la c to n e ) . 
T here  was v i r t u a l l y  no change  in  th e  pH. No o t h e r  p h o sp h a te  
i o n s  ware added  t o  D -m a n n u ro n o la c to n e .
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Legend t o  T ab le  V II*  pH s tu d y  o f  D -m a n n u ro n o la c t -  
one* S o l u t i o n s  w ere  0*2 M in  KG1 and 0*005$ w i th  r e s p e c t  to  
g e l a t i n .





0 5 .1 0
20 5 .0 7
5 0 5 .0 7
80 5 .0 5
100 5 .0 5
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Legend t o  T a b le  V I I I .  pH s tu d y  o f  D - g lu c u r o n ic  
a c i d .  S o l u t i o n s  were 0 .2  M i n  KOI and 0 .0 0 £ $  w i th  r e s p e c t  t o  
g e l a t i n .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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TABLE V III
pH S tudy  o f  G lu c u ro n ic  A c id  i n  0*2 M KC1




50 3 .8 6
80 3 .6 7
100 3 .5 9
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F i g u r e  lij.. The e f f e c t  o f  pH on th e  d i f f u s i o n  c u r ­
r e n t  o f  5>0 jigi D - g lu c u r o n ic  a c i d  p e r  ml. A l l  s o l u t i o n s  w ere  
0 .2  M i n  KC1 and  0 .0 0 5 #  w i t h  r e s p e c t  t o  g e l a t i n .
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F ig u r e  If?* The e f f e c t  o f  pH on th e  d i f f u s i o n  c u r ­
r e n t  o f  80 >ig D -g lu c u r o n o la c to n e  p e r  m l. •  80 jig D - g lu c u r o n o -  
l a c t o n e  p e r  m l; o  b l a n k ,  pH a d j u s t e d  w i t h  HC1 o r  KOH. A l l  
s o l u t i o n s  were 0 .2  M i n  KC1 and 0 .0 0 5% w i th  r e s p e c t  t o  g e l ­
a t i n .
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F ig u r e  1 6 , The e f f e c t  o f  pH on th e  d i f f u s i o n  c u r ­
r e n t  o f  80 )ig D -g L u c u ro n o la c to n e  p e r  m l. •  80 jig D -g lu c u ro n o -  
l a c t o n e  p e r  m l; o  b l a n k ;  pH a d j u s t e d  w i th  0 .0 1  N HC1 o r  0 .0 1  
N KOH. A l l  s o l u t i o n s  were 0 .2  M i n  E l  and  were 0 .0 0 5 $  w i th  
r e s p e c t  t o  g e l a t i n .  T h is  F i g u r e  i s  an expanded  v e r s i o n  o f  
F ig u r e  15*



















0.0 - •  — o
pH
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F i g u r e  1 7 . The e f f e c t  o f  pH on th e  d i f f u s i o n  c u r ­
r e n t  o f  1000 ug D -g lu c u r o n o la c to n e  p e r  m l.  •  1000 pg  D - g lu c -
u ro n o la c to n e  p e r  m l; o  b l a n k ;  pH a d j u s t e d  w i t h  0 .1  N HC1 o r
0 .1  N KOH. A l l  s o l u t i o n s  were 0 . 2  M in  KC1 and were 0.007f>/£
w i th  r e s p e c t  t o  g e l a t i n .





(saiaduiuojoira) X N 3*m ilO
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T ab le  IX . B la n k s ,  a d d in g  p h o sp h a te  a s  I^ P O ^ - .  
s o l u t i o n s  a r e  0 .2  M w i th  r e s p e c t  t o  e l e c t r o l y t e  and a re  
0 . 0075#  w i th  r e s p e c t  to  g e l a t i n .
A l l
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TABLE IX
B la n k s ,  A dding  P h o sp h a te  a s  H2P0^
Mg POjj3 " 





0 0 5 .1 5 u s u a l  b l a n k
1 0 5.114- s u p p o r t i n g  e l e c t r o l y t e  
wave a p p e a re d  a t  a 
s l i g h t l y  more p o s i t i v e  
v o l t a g e  th a n  u s u a l .
10 ? 5 .1 7 a v e ry  t i l t e d  and i l l -  
d e f i n e d  wave.
100 3 .1 0 14-.93 d e f i n i t e  w ave, E i ^ - 1 . 6 9 V '  a
1000 2 6 .3 ip. 60
N aCl, NaH
n o t  a s  d i s t i n c t  a  wave 
a s  100 }xq P0)|3” p e r
m l; E i  »  - 1 .7 3  V 2
2 P\
10 ? 5 .0 7 i l l - d e f i n e d  wave
5o 1 . 14-8 14-.92 Ei ^  - 1 .6 3  V 2
100 3 .2 2 ip. 83 E i  ^  - 1 .6 6  V
1000 2 8 .2 ip.lp5 wave n o t  w e l l  d e f i n e d ,
E l  ^  -1 .7 5  V 2
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
7k
T a b le  X, A dding  p h o s p h a te  a s  A l l  s o l u t i o n s
c o n t a i n  100 pg  D -g lu c u r o n o la c to n e  p e r  ml and  a re  0 ,2  M in  
s u p p o r t i n g  e l e c t r o l y t e  and  0 , 0075$  w i th  r e s p e c t  t o  g e l a t i n .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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TABLE X 
A dding  p h o sp h a te  a s  ,H2 P 0 j“.
P0^3- i c
a d d e d ,  p e r  ml pa pH Comment
KC1, KH2PO^
1 1.5k 5.07
2 .5  l*Uk 5.01; c u r r e n t  i n c r e a s e d  r a p i d ­
l y  w i th  v o l t a g e  a t  th e  
s t a r t ,  o th e r w is e  a p ­
p e a re d  n o rm a l .
5 1 .1 9  5*0k n o t  a n o rm a l ly  shaped
w ave, c u r r e n t  i n c r e a s e d  
r a p i d l y  w i th  v o l t a g e ,
Ei i y  - 1 .5 k  V
Si
7 -5  0 .3 9 9  5 .0 2  p l a t e a u  v e ry  t i l t e d
10 ? 5*02 i l l - d e f i n e d  wave, d o e s
n o t  a p p e a r  t o  be c a u se d  
by D - g lu c u r o n o la c to n e .  
B i s s  - 1 .6 0  V
KC1,
0 .5 5  5*03 i l l - d e f i n e d  wave, Ei
- 1 .5 3  V *
N a C l ,  NaH2 P 0 ^
1 1 .5 0 5 .2 0
2 .5 1 .3 6 5 .1 7
5 t—
1 . i-1 5 .1 7 i r r e g u l a r  p l a t e a u ,  c u r
r e n t  r o s e  r a p i d l y  w i th  
v o l t a g e  a t  th e  s t a r t ,
E i  »  - 1 .5 3  VS
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T a b le  X C o n t in u e d )
7 .5  0 5 .1 5
NaCl, NH^H2P0^
0.61+2 5 .1 7  i l l - d e f i n e d  w ave, Ei<
- 1 .6 6  V *
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T ab le  X I .  A dding  p h o s p h a te  a s  H2P0^“ . A l l  s o l u ­
t i o n s  c o n t a i n  1 rag D - g lu c u r o n o la c to n e  p e r  ml and  a r e  0 .2  H 
i n  s u p p o r t i n g  e l e c t r o l y t e  and  0 .0 0 7 !?% w i th  r e s p e c t  t o  g e l a t i n .
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TABLE XI 
A dding  p h o sp h a te  a s  HgPO^
pg po^.3- iD
a d d e d ,  p e r  ml pa PH C omme n t
KC1, KH2P0^
1 21.1 5.06 no d i f f e r e n t  from  p u re
D -g lu c u ro n o la c to n e
wave.
10 21.2 5.oi s l i g h t  i r r e g u l a r i t y  
a lo n g  th e  p l a t e a u ,  
s l i g h t  p re -w a v e .
20 21.7 5.oo maximum enhanced
40 21.1* 1+.98 good wave
60 20.2 4.84 r a p i d  i n c r e a s e  in  c u r ­
r e n t  of th e  decom posi ­
t i o n  p o t e n t i a l ,  th e n  r e ­
v e r t s  t o  u s u a l  i n c r e a s e .  
P l a t e a u  i r r e g u l a r .
80 ? i*.90 p l a t e a u  h i g h l y  i r r e g u ­
l a r ,  n o t  r e p r o d u c i b l e .
90 ? 4-91 p l a t e a u  h i g h l y  i r r e g u ­
l a r ,  n o t  r e p r o d u c i b l e .
100 ? 4*92 two s t e p  r e d u c t io n  wave 
a p p e a r s ,  f i r s t  wave 
»  -1.48 V, Ex second  
wave s f  -1.82 V, n o t  r e ­
p r o d u c i b l e ,  a  p re -w ave  
was p r e s e n t ,  and th e  
c u r r e n t  i n c r e a s e d  r a p ­
i d l y  w i th  v o l t a g e  a t  
th e  d e c o m p o s i t io n  p o t ­
e n t i a l .
200 1*.10 4.83 smooth wave, E^  -1.63
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smooth wave, Ei 
V i
X ,  - 1 .7 0
no D -g lu c u ro n o la c to n e  
w ave, re se m b le d  wave f o r  
b l a n k ,  1000 Mg P 0 r3 -  






2 1 .3  U-97 re se m b le d  norm al p o la ro -
gram
? If. 86 f i r s t  wave h i g h l y  i r ­
r e g u l a r ,  second  wave 
smooth
8 .7 0  I f .82 one w ave, E1 - 1 .5 7  V.
no maximum, ^ s l i g h t  i r ­
r e g u l a r i t i e s  on th e  
p l a t e a u







1 9 . If lf.9lf
1 9 .0  I4-.86
? If. 82
? If, 80
6 .2 0  If. 70
ire se mb l e d  p u re  D - g lu c ­
u r o n o la c to n e
s l i g h t  i r r e g u l a r i t i e s  
on th e  wave
more th a n  one wave, th e  
f i r s t  wave r e s e m b le s  
one made w i t h  a  c o n ta m i­
n a te d  c a p i l l a r y .
s i m i l a r  t o  80 Mg. P0^ ” 
p e r  mlg b u t  w o rs e .
i l l - d e f i n e d  wave, E1. ^  
- 1 .6 8  V, no D - g lu c u r o -  
n o la c to n e  wave.
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( c o n t in u e d )
12.7 14-.59 ~ -1.71  v.
27.3 i l l - d e f i n e d  w ave, E i 
^  -1.7J+ V. *
N aCl, NH^H2P0
17.7 I4-.9I4-
f i r s t  w ave: Ij..93
8.7
seco nd  wave:
?





maximum e n h an ced  p l a t ­
e a u  s l i g h t l y  i r r e g u l a r
sm ooth f i r s t  wave 
h i g h l y  i r r e g u l a r  second  
w ave. E i f i r s t  wave a. 
-1.52 V.
no maxima, Ei f o r  the  
f i r s t  wave -1.53 V, 
f o r  th e  second ~  1.75 V.
no D -g lu c u ro n o la c to n e  
wave.
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T a b l e  X I I .  B l a n k s  w i t h  H P O ^ 2 ” .  A l l  s o l u t i o n s  a r e  
0 , 2  H i n  s u p p o r t i n g  e l e c t r o l y t e  a n d  0 . 0075$  w i t h  r e s p e c t  t o  
g e l a t i n .
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TABLE X I I  
B l a n k s  w i th  H P O ^2 "
MS P O j>  
a d d e d ,  p e r  ml
i D
fia PH Comment
KC1, K ^ P O ^
0 0 5 .0 5 norm al b la n k
I 0 5 .2 1 «t n
10 0 6 .7 2 11 it
100 0 7.814- 11 11
1000 0 8 .6 8 11 11
N aCl, N a^P O ^
1 0 5.U9 norm al b l a n k
10 0 6 .6 9 n ti
100 0 7 .7 9 it n
1000 0 8 .8 3 11 ti
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T a b l e  X I I I .  A d d i n g  p h o s p h a t e  a s  H P O ^2 ” .  A l l  s o l u ­
t i o n s  c o n t a i n  1 0 0  p g  D - g l u c u r o n o l a c t o n e  p e r  m l  a n d  a r e  0 . 2  M 
i n  s u p p o r t i n g  e l e c t r o l y t e  a n d  0 . 0 0 5 $  w i t h  r e s p e c t  t o  g e l a t i n .
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TABLE X I I I  
A d d i n g  p h o s p h a t e  a s  H P O j ^ -
Mg P0^3- i D
a d d e d .  p e r  ml j i a pH Comment





5 .2 9  ) 
6.80 )
o t h e r  th a n  r e p r e s s i o n  o: 
t h e  wave h e i g h t ,  a p p e a r  
ed  to  be n o rm al p o l a r o -
20 1 .3 5 7 .1 5  )
g ram s.
50 1 .0 7 7 .5 1 wave s l i g h t l y  i r r e g u l a r  
maximum d e c r e a s e d .
80 0.660 7 .6 9 wave s l i g h t l y  i r r e g u l a r  
maximum e l i m i n a t e d .
100 0.603 7-71* smooth wave
15 o 0.1*38 7 .8 9 it it
200 0.1*01* 7 .9 3 n n
300 0 .3 9 0 8.01* it it
KC1, (HH^gHPO^






5 .5 9  ) 
6 .7 9  )
a p p e a re d  to  be norm al 
p o la ro g ra m s ,  maximum 
g r a d u a l l y  d e c r e a s e d .
50 1 .0 3 7 .5 0  )
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
T a b le  X I I I  (con tinued)
100 0.720 7.71 no maximum
200 0.i|.92 7-914- smooth wave
300 o •kh k 8. oij. M II
NaCl , (NH^)2HP0%
100 0.252 7.56 no maximum
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T a b le  XTV. A dd ing  p h o sp h a te  a s  HPOj^2 " .  A l l  s o l u ­
t i o n s  c o n t a i n  1000 pg D - g lu c u r o n o la c to n e  p e r  m l, a r e  0 . 2  M 
i n  s u p p o r t i n g  e l e c t r o l y t e  and  0*0075$ w i th  r e s p e c t  t o  g e l a t i n *
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TABLE XIV 
A dding p h o sp h a te  a s  H P O ^ -
/ ig  P0^3- 




1 21.14- i . 9 7 i d e n t i c a l  t o  po larog ram s 
w i th  p u re  D -g lu c u ro n o -  
l a c t o n e .
10 2 1 .3 6.51; maximum enhanced
100 2 0 .8 7 .2 0 maximum en hanced
200 2 2 .0 7.51; maximum enh anced
1;00 1 9 .7 7 .8 2 maximum s l i g h t l y  e n ­
h a n ce d
800 1 7 .3 7 .9 1 maximum g r e a t l y  e n ­
h a n ce d
1000 1 5 .0 7 .9 7 maximum g r e a t l y  e n ­
h a n c e d
KC1, (NH^pHPO^
100 7 .8 0 7 .3 1 maximum g r e a t l y  e n ­
h a n ce d





















wave h e i g h t  g r a d u a l l y  
d e c r e a s e d  a s  p h o sp h a te  
c o n c e n t r a t i o n  i n c r e a s ­
e d .
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T a b le  XIV C o n t in u e d )
IpOO 1 7 .0 7 .5 2 p l a t e a u  i r r e g u l a r
8oo lip. 2 7.6Ip p l a t e a u  i r r e g u l a r ,  m ax i­
mum g r e a t l y  enhanced
1000 1 3 .2 7 .7  2 wave s p l i t t i n g ,  p l a t e a u  
i r r e g u l a r ,  maximum e n ­
h a n ce d
N aCl, (NH^)2HP0^
100 1 0 .2  7»26 maximum enhanced
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T a b le  XV. B la n k s  w i th  P 0 ^ “ , A l l  s o l u t i o n s  a re  
0 .2  M in  s u p p o r t i n g  e l e c t r o l y t e  and 0 .0 0 7 5 $  w i th  r e s p e c t  t o  
g e l a t i n .
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TABLE XV 
B la n k s  w i th  P0^3
pg  P0^3- 




0 0 5 .0 5 norm al b l a n k
1 0 5.1*4 n  ti
10 0 8 .8 6 w n
100 0 1 0 .7 9 it it
1000 0 1 1 .6 2 n  ti
N aCl, Na^PO^
1 0 5 .8 7 norm al b l a n k
10 0 9 .3 0 M 11
100 0 1 0 .6 8 It H
1000 0 1 1 .3 7 n  it
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T ab le  XVI* Adding p h o s p h a te  a s  P 0 ^ 3 - .  ^.11 s o l u ­
t i o n s  c o n t a i n  100 jig D -g lu e u r o n o la c to n e  p e r  m l, a re  0*2 M i n
s u p p o r t in g  e l e c t r o l y t e  and 0*0075$ w i th  r e s p e c t  to  g e l a t i n .
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TABLE XVI
A dding  p h o sp h a te  a s  P0^3"
P3 P0^3- i D
a d d e d ,  p e r  ml ;ia PH Comment
KC1, K^PO^
1 1.1+7 5 .7 1 s l i g h t  i r r e g u l a r i t i e s  
on th e  wave
10 1 .3 0 7.31+ sm ooth wave
20 0 .8 2 8 7 .5 9 s l i g h t  i r r e g u l a r i t i e s  
on th e  wave
50 0 .1 8 9 8 .0 5  
NaCl, Na^PO^
no maximum
1 i . 5 o 6 .1 1 norm al p o la ro g ra m
10 1 .2 0 7 .2 2 smooth wave
20 0 .7 8 3 7 .5 3 v i r t u a l l y  no maximum, 
p l a t e a u  s l i g h t l y  i r r e g ­
u l a r
50 0 .0 6 6 8 .3 7 no maximum, smooth 
wave
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
93
T ab le  X V II, A dding  p h o sp h a te  a s  P 0 ^ “ . A l l  s o l u ­
t i o n s  c o n t a i n  1 mg D - g lu c u r o n o la c to n e  p e r  ml and a r e  0 .2  M
i n  s u p p o r t i n g  e l e c t r o l y t e  and  0 . 0075$ w i th  r e s p e c t  to  g e l a t i n .
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TABLE XVII
Adding phosphate as P0^3“
Mg P0^ 3_ 
a d d e d ,  p e r  ml pH Comment
1 2 2 .7
KC1, K3P0|^ 
5 .2 3 wave h e i g h t  e n h a n c e d ,
10 2 1 .3 6 .7 1
maximum en h an c ed .
100 1 7 .9 7 .2 9 wave h e i g h t  d e p r e s s e d .
200 1 4 .0 7 .7 8 wave h e i g h t  d e p r e s s e d
400 6 .0 0 7 .9 7
a s  p h o sp h a te  c o n c e n ­
t r a t i o n  i n c r e a s e d .
1000 0 .1 0 0 1 1 .1 4 s o l u t i o n  t u r n e d  a
1 1 9 .0
N aC l, Na3P0 ^  
5 .5 0
g r e e n i s h “y e l lo w  on m ix­
in g ;  th e  c o lo u r  d e e p ­
ened  on s t a n d i n g ;  th e  
wave was i l l - d e f i n e d .
norm al p o la ro g ra m
10 1 8 .9 6 .5 8 it 11
100 l5 » 3 7 .2 7  ) wave h e i g h t s  d e p r e s s e d
200 1 1 .3
)
7 .5 3  ) 
)
7 .9 7  )
a s  p h o sp h a te  c o n c e n ­
t r a t i o n  i n c r e a s e d
400 2 .8 0
1000 ? 1 1 .0 2 s o l u t i o n  t u r n e d  g r e e n -
i s h - y e l l o w  on m ix in g ,  
c o lo u r  d eep en ed  on
s t a n d in g  u n d e r  b u t  
fad e d  in  t h e  a i r ;  wave 
i l l - d e f i n e d
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T a b le  X V III .  A dding p h o sp h a te  t o  D - g lu c u r o n ic
a c i d .  A l l  s o l u t i o n s  c o n t a i n  100 jig D -g lu c u ro n ic  a c i d  p e r  ml
and a re  0 .2  M i n  KOI and 0 .0 0 ? 5 $  w i th  r e s p e c t  t o  g e l a t i n .
R eproduced  with perm ission of the copyright owner. Further reproduction prohibited without perm ission.
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TABLE X V III
A dding p h o s p h a te  to  D - g lu c u r o n ic  a c i d
/ig. P0^3- i D
a d d e d ,  p e r  ml jua pH Comment
KH2 P0^
10 4-63 3.55 re se m b le d  wave o f  p u re  
D - g lu c u r o n ic  a c i d
5o f i r s t  Wave;
4.77
second  wave: 
0 .6 6
3.56 two s t e p  r e d u c t i o n ,  
f i r s t  wave re s e m b le d  
D -g lu c u r o n ic  a c i d ,  E i  
second  wave - I .6 7  v .
100 f i r s t  wave: 
4 .8 8  
secon d  w ave: 
1.56
3.57 Ei second wave -1.73
vf
1000 f i r s t  w ave: 
2 .4 0  
second  w ave : 
?
3.73
K ^P O ^
e x c e p t  f o r  th e  sm a ll  
f i r s t  wave, t h e  p o l a r o  
gram re se m b le d  t h a t  o f  
1000 jug p h o sp h a te  
( a s  KHgPO^) a lo n e .
i 4* 6 4 3.58 re se m b le d  wave o f  p u re  
D -g lu c u ro n ic  a c i d
10 3.84 3.67 wave h e i g h t  d e p r e s s e d
100 1 .2 4 6 .6 9
K3 PO4
Ei s h i f t e d  t o  a b o u t  
- 1 .6 8  V.
1 . 4.38 3.55 re se m b le d  norm al wave
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f i r s t ;  wave: 
3 .0 0  
second  wave 
0.12
f i r s t  wave: 
0.728  
secon d  wave 
O.Ui4
0.558
3*79  wave s p l i t t i n g
E^. f i r s t  wave - l . l j .7  V 
E|L second  wave - 1 .6 8  
V
it-. 18 E i  f i r s t  wave c* - I . I 4.6 V
- 1 .6 6
5.76
7 .3 0
E-l second  wave
no D - g lu c u ro n ic  a c i d  
wave, wave a t  E i sr
- 1 .6 2  V i s  v e ry  t i l t e d
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CHAPTER IV
DISCUSSION
E f f e c t  o f pH
I s h i d a t e  and  Shimozawa (35) c o u ld  n o t  o b t a i n  r e ­
p r o d u c ib l e  w aves w i t h  D - g lu c u r o n o la c to n e  o r  D - g lu c u r o n ic  
a c i d .  I t  i s  e v i d e n t  from  F i g u r e  II4. t h a t  th e  d i f f u s i o n  c u r ­
r e n t  i s  e x t r e m e ly  s e n s i t i v e  t o  pH when t h e  D - g lu c u ro n ic  a c id  
c o n c e n t r a t i o n  i s  i n c r e a s e d .  T h is  i s  r e a s o n a b le  b e c a u se  th e  
a c i d  i s  f r e e  and uncom bined . (The pKa  o f  D -g lu c u r o n ic  a c i d  
i s  3 . 2 0 . )  The c o n s i d e r a b l e  v a r i a n c e  o f  th e  d i f f u s i o n  c u r ­
r e n t  w i th  pH f o r  D - g lu c u r o n ic  a c i d  may a c c o u n t  f o r  th e  d i f ­
f i c u l t i e s  met by  th e  p r e v i o u s  i n v e s t i g a t o r s , ( 3 5 )*
The pH o f  D - g lu c u r o n o la c to n e  s o l u t i o n s  d o e s  n o t  
v a r y  n e a r l y  a s  much w i th  c o n c e n t r a t i o n ,  a l th o u g h  th e  t r e n d  
i s  t o  lo w er  pH v a l u e s  a s  t h e  c o n c e n t r a t i o n  i n c r e a s e s .  T h is  
o b s e r v a t i o n  i s  due to  th e  l a c t o n e - a c i d  e q u i l i b r i u m .  As th e  
c o n c e n t r a t i o n  o f  l a c t o n e  i n c r e a s e s  so d o e s  th e  c o n c e n t r a t i o n  
o f  f r e e  a c i d ,  d e c r e a s i n g  th e  pH. The p r e s e n c e  o f  s u p p o r t in g  
e l e c t r o l y t e  and  g e l a t i n  a p p e a r s  t o  h e l p  s t a b i l i z e  th e  pH, 
i n d i c a t i n g  t h a t  t h e y  a re  f u n c t i o n i n g  to  some e x t e n t  a s  weak 
b u f f e r i n g  a g e n t s .  T h is  i s  s u p p o r te d  by th e  o b s e r v a t i o n  t h a t  
th e  r e p r o d u c i b i l i t y  o f  pH m easurem ent i s  i n c r e a s e d  in  t h e s e  
s o l u t i o n s  compared t o  s o l u t i o n s  o f  D - g lu c u r o n o la c to n e  a l o n e .  
In  f a c t ,  i t  was n o te d  t h a t  th e  g r e a t e r  th e  o v e r a l l
98
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c o n c e n t r a t i o n  o f  t h e  s o l u t e s ,  th e  b e t t e r  th e  r e p r o d u c i b i l i t y  
o f  pH. I n  t h e  p r e s e n c e  o f  g e l a t i n ,  t h e r e  was l i t t l e  d i f f e r ­
en ce  i n  th e  pH o f  s o l u t i o n s  made w i th  b o i l e d  ( i . e . ,  CC>2 -  
f r e e )  d e io n i z e d  w a te r .  T h i s  o b s e r v a t i o n  i n d i c a t e s  t h a t  
g e l a t i n  h a s  a  p e r c e p t a b l e  b u f f e r i n g  e f f e c t .
Below pH 5 ,  th e  b u f f e r i n g  e f f e c t  o f  s u p p o r t i n g  
e l e c t r o l y t e  and g e l a t i n  i s  p o o r  a s  i l l u s t r a t e d  by  th e  D- 
g lu c u r o n ic  a c i d  s o l u t i o n s .  T h is  phenomenon was a l s o  o b s e rv e d  
when HC1 was added  t o  D - g lu c u r o n o la c to n e  s o l u t i o n s .
Above pH 5* h o w e v e r ,  t h e  b u f f e r i n g  e f f e c t  i s  e n ­
h a n c e d  g r e a t l y  b y  th e  l a c t o n e  i t s e l f .  ( I d e n t i c a l l y  t r e a t e d  
b l a n k  and  D - g lu c u r o n o la c to n e  s o l u t i o n s  gave pH v a l u e s  o f  
9 . 1 8 ,  and 6 .5 2 ,  r e s p e c t i v e l y . )  The l a c t o n e  u n d e rg o e s  





















T h is  e f f e c t  i s  n o t  i n s t a n t a n e o u s  b u t  p r o c e e d s  s lo w ly .  T h is  
can  be seen  on th e  pH m e te r  a s  th e  pH d ro p s  s lo w ly  f o r  
s e v e r a l  m in u te s  b e f o r e  s t a b i l i z i n g .
Below a  pH o f  I4., t h e  p o l a r o g r a p h ic  waves o f  D - g lu c ­
u r o n o la c to n e  s o l u t i o n s  c o u ld  n o t  be d i s t i n g u i s h e d  from  b l a n k s
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a t  s i m i l a r  pH v a l u e s  (F ig u r e  lf>) i n d i c a t i n g  t h a t  th e  wave 
m e re ly  r e p r e s e n t s  t h e  r e d u c t i o n  o f  h y d ro g en  i o n s .  The h a l f ­
wave p o t e n t i a l s  o f  w aves made w i th  s o l u t i o n s  c o n t a i n i n g  
h y d ro g e n  i o n ,  D - g lu c u r o n o la c to n e ,  o r  D - g lu c u r o n ic  a c i d  a r e  
to o  c l o s e  t o g e t h e r  t o  d i s t i n g u i s h  t h e  s p e c i e s  p r e s e n t .
The d e c r e a s e  i n  d i f f u s i o n  c u r r e n t  o f  D - g lu c u r o n o -  
l a c t o n e  a s  th e  pH i n c r e a s e s  w i th  KOH (shown i n  F ig u r e  16) 
i s  no dotb t  due t o  b a s e  h y d r o l y s i s  o f  th e  l a c t o n e  t o  th e  
g l u c u r o n a t e .  A s i m i l a r  s tu d y  was made a t  a  l a c t o n e  c o n c e n ­
t r a t i o n  o f  1 mg p e r  ml ( 0 .1  N KOH was used  t o  a d j u s t  th e  
pH) • When t h e  b a s e  i s  a d d e d ,  th e  l a r g e  l o c a l  e x c e s s  c a u s e s  
a p a r t i a l  d e c o m p o s i t io n  o f  th e  l a c t o n e  m o le c u le ,  a s  i n d i ­
c a t e d  by th e  a p p e a ra n c e  o f  a  g r e e n i s h - y e l l o w  c o l o u r  f i r s t  
n o t i c e d  a t  a b o u t  pH 7 ( t h e  Lobry de Bruyn -  van  E k e n s te in  
t r a n s f o r m a t i o n  o f  c a r b o h y d r a t e s  ) .  I t  i s  e x p e c te d  t h a t  D- 
m an n u ro n o lac to n e  would b ehave  s i m i l a r l y .
The h e i g h t  o f  the  m ercu ry  column was v a r i e d  in  an 
a t t e m p t  t o  d e te rm in e  th e  ty p e  o f  w ave. D i f f e r e n t  r e s u l t s  
a r e  o b s e rv e d  a t  d i f f e r e n t  c o n c e n t r a t i o n s .  I t  a p p e a r s  t h a t  
a t  80 pg  D - g lu c u r o n o la c to n e  p e r  ml th e  wave i s  k i n e t i c  o r  
c a t a l y t i c ;  a t  800 pg l a c t o n e  p e r  ml t h e  wave i s  n e i t h e r  
k i n e t i c  o r  c a t a l y t i c ,  n o r  d i f f u s i o n  c o n t r o l l e d ,  w h i le  a t  ij. 
rag l a c t o n e  p e r  m l,  t h e  p r o c e s s  a p p e a r s  t o  be d i f f u s i o n  c o n ­
t r o l l e d ,  p r o b a b ly  due t o  th e  l a r g e  amount o f  r e d u c i b l e  s p e c i e s  
b e in g  p ro d u ce d  by  th e  k i n e t i c  o r  c a t a l y t i c  r e a c t i o n  w hich  
was o b s e rv e d  in  th e  lo w e s t  c o n c e n t r a t i o n  r a n g e .  T h i s  s u g ­
g e s t s  t h a t  a t  th e  i n t e r m e d i a t e  c o n c e n t r a t i o n  (800 pg  p e r  m l ) ,
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th e  r a t e  d e te r m in in g  s t e p s  may be k i n e t i c  o r  c a t a l y t i c ,  a s  
w e l l  a s  d i f f u s i o n - c o n t r o l l e d  p r o c e s s e s .  N o th in g  p r e c i s e  
c a n  be s a i d  ab o u t  D - g lu c u r o n ic  a c i d ;  h o w e v e r ,  th e  p r o c e s s  
i s  n o t  k i n e t i c  o r  c a t a l y t i c  ( th e  d i f f u s i o n  c u r r e n t  v a r i e s  
w i th  th e  h e i g h t  o f  th e  m ercu ry  c o lu m n ) .  T here  was a  v a r i ­
a t i o n  o f  th e  wave h e i g h t  w i th  t h e  h e i g h t  o f  th e  m ercu ry  
colum n i n  th e  c a s e  o f  D -m a n n u ro n o la c to n e .  The l i n e a r i t y  o f  
th e  p l o t  o f  wave h e i g h t  v s .  t h e  sq u a re  ro o t  o f  th e  h e i ^ i t  
o f  th e  m ercu ry  column ( F ig u r e  13) i n d i c a t e s  t h a t  th e  D-raan- 
n u r o n o la c to n e  wave i s  d i f f u s i o n  c o n t r o l l e d  and  t h u s  i s  
d i f f e r e n t  from  D - g lu c u r o n o la c to n e ,
The v a lu e  o f  n was e s t i m a t e d  u s in g  th e  I l k o v i c  
e q u a t i o n ;  n %
607(D)ibra2/ 3 t 1/6
The v a lu e  f o r  m ost d i f f u s i o n  c o e f f i c i e n t s  i n  w a t e r  a t  25°C 
i s  a p p r o x im a te ly  6x 1 0 "^  cm2 s -1  (81j.). U s ing  t h i s  v a l u e ,  n 
a t  a  c o n c e n t r a t i o n  of 80 pg D -g lu c u ro n o la c to n e  p e r  ml i s
1 .0 2  i n  KC1, 0 .9 3 5  i n  NaCl, and 0 .7 9 5  i n  L iC l ;  a t  a  c o n c e n ­
t r a t i o n  o f  800 jug D - g lu c u r o n o la c to n e  p e r  m l, n i s  1 .3 5  in  
EC1, 1.21;. i n  N aC l, and 1 .0 6  i n  L iC l ;  a t  a  c o n c e n t r a t i o n  o f  
IpOOO pg D - g lu c u r o n o la c to n e  p e r  m l, n i s  1 .1 3  i n  KC1, 0 .9 2 7  
i n  N aC l, and  0 .8 0 7  i n  L iC l .  T hese v a l u e s  i n d i c a t e  t h a t  t h e  
r e a c t i o n  i s  a  o n e - e l e c t r o n  r e d u c t i o n  p r o c e s s .
When th e  d a t a  f o r  D - g lu c u r o n ic  a c i d  and D-mannu- 
r o n o la c to n e  was p u t  i n t o  th e  I l k o v i c  e q u a t i o n ,  th e  n v a lu e  
i n  e a c h  c a s e  was 2 .  T h is  means t h a t  e i t h e r  th e  d i f f u s i o n  
c o e f f i c i e n t  of D - g lu c u r o n o la c to n e  i s  q u i t e  d i f f e r e n t  from
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t h o s e  o f  th e  o t h e r  two m o le c u le s ,  o r  t h a t  a  d i f f e r e n t  r e ­
d u c t i o n  p r o c e s s  i s  o c c u r r i n g .  C o n s id e r in g  th e  s t r u c t u r a l  
s i m i l a r i t i e s  be tw een  th s  m o le c u le s ,  t h e  fo rm e r  i s  u n l i k e l y .  
T h e r e f o r e ,  th e  r e d u c t i o n  r e a c t i o n s  a r e  p r o b a b ly  g o in g  by 
d i f f e r e n t  p a th w a y s ,  a s  s u g g e s te d  by  th e  d i f f e r e n t  r e s u l t s  
o b t a i n e d  by v a r y i n g  th e  h e i g h t  o f  t h e  m ercury  column a t  th e  
lo w e s t  c o n c e n t r a t i o n  r a n g e .
The pH d a t a  i n d i c a t e  t h a t  D -g lu c u r o n ic  a c i d  a t  80 
pg p e r  ml would c o n t a i n  a p p r o x im a te ly  t w e n t y - f i v e  p e r c e n t  
o f  th e  a c i d  i n  an  u n d i s s o c i a t e d  fo rm . I t  i s  t h e r e f o r e  p o s ­
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The pH d a t a  i n d i c a t e  t h a t  f o r  D - g lu c u r o n o la c to n e ,  
any a c i d  p ro d u ce d  by h y d r o l y s i s  w ould  be p r e s e n t  a s  th e  
g l u c u r o n a te .  A p o s s i b l e  m echanism  i s  aq u eo u s  h y d r o l y s i s  o f  
t h e  l a c to n e  t o  th e  a c i d ,  f o l lo w e d  b y  a  r a p i d  l o s s  o f  h y d r o ­
gen io n  by  th e  a c i d ,  and  s u b s e q u e n t  r e d u c t i o n  o f  th e  h y d r o ­
gen io n  t o  a to m ic  h y d ro g e n  ( f o l lo w e d  by  c o m b in a t io n  o f  two 
h y d ro g e n  a to m s t o  fo rm  H2 ) :
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The pH d a t a  i n d i c a t e  t h a t  f o r  D -m an n u ro n o la c to n e ,  
any  a c i d  p ro d u c e d  by h y d r o l y s i s  would be p r e s e n t  a s  m annuro- 
n a t e .  H ow ever, t h e  r e d u c t i o n  o f  D -m an nuron o lac ton e  a p p e a r s  
t o  d i f f e r  from  D - g lu c u r o n o la c to n e .  The t w o - e l e c t r o n  r e ­
d u c t io n  s u g g e s t s  t h a t  th e  r e a c t i o n  i s  s im p ly  t h a t  p ro p o se d  






















These d a t a  a l s o  s u g g e s t  t h a t  th e  D -m & nnuronolactone r i n g  i s  
l e s s  s u s c e p t i b l e  t o  h y d r b l y s i s  th an  t h a t  o f  D -g lu c u ro n o -  
l a c t o n e .
A d d i t io n  o f  P ho sp h a te  a s  HgPO^"
The pH s t u d i e s  i n d i c a t e  t h a t  a p p ro x im a te ly  99# o f
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t h e  p h o sp h a te  i s  p r e s e n t  a s  H2P 0 ^ " ,  w i th  a p p ro x im a te ly  1% 
p r e s e n t  a s  H^PO^, r e g a r d l e s s  o f  t h e  amount of D -g lu c u ro n o -  
l a c to n e  o r  D -m an n u ro n o lac to n e  p r e s e n t*
B lan k  s o l u t i o n s  e x h i b i t e d  a wave a t  h i g h  p h o sp h a te  
c o n c e n t r a t i o n s ,  b u t  the  h a l f - w a v e  p o t e n t i a l  was a b o u t  0*2 V 
more n e g a t iv e  th a n  t h a t  o f  D - g lu c u r o n o la c to n e .
W ith a  D -g lu c u r o n o la c to n e  c o n c e n t r a t i o n  o f  100 pg  
p e r  m l, th e  a d d i t i o n  o f  a s  l i t t l e  a s  2*5 p g  P O ^ ” ( a s  HgPOj^") 
p e r  ml c o n s i d e r a b l y  re d u c e d  the  wave h e i g h t ,  and a p p r o x i ­
m a te ly  7*5 p g  P O ^ ” ( a s  H2P0j^“ ) p e r  ml c o m p le te ly  a n n i h i ­
l a t e d  the  D -g lu c u r o n o la c to n e  wave. In  th e  c a se  o f  D-mannu­
r o n o l a c t o n e ,  30 p g  P0^3” p e r  ml p ro d u ce d  a  s i m i l a r  r e s u l t .  
(The f a c t  t h a t  more H2P 0^“ i s  r e q u i r e d  t o  e l i m i n a t e  th e  D- 
m an n u ro n o lac to n e  wave th a n  i s  r e q u i r e d  f o r  D - g l u c u r o n o l a c t -  
one i s  f u r t h e r  e v id e n c e  t h a t  th e  D -m annu ro no lac to ne  r i n g  i s  
l e s s  r e a c t i v e . )  S in ce  th e  pH o f  t h e s e  s o l u t i o n s  rem ain s  
f a i r l y  c o n s t a n t ,  and  s in c e  t h e  phenomenon was o b se rv e d  w i th  
KH2P0j^, NaH2P0j^, and  NH^H2P0^ f o r  D - g lu c u r o n o la c to n e ,  and
w i t h  KH2P0 j^  f o r  D -m an n u ro n o la c to n e ,  t h e  p h o sp h a te  io n  must 
be r e s p o n s i b l e .  A p r e l i m i n a r y  s tu d y  w i th  D -g lu c u r o n ic  a c i d  
i n d i c a t e d  t h a t  even  1000 p g  P 0 ^ “ p e r  ml d o e s  n o t  e l i m i n a t e
th e  wave b u t  m ere ly  d e p re s s e d  i t  a p p ro x im a te ly  50$ .
A p r e l i m i n a r y  k i n e t i c  s tu d y  i n d i c a t e s  t h a t  the  r e ­
a c t i o n  be tw een  D - g lu c u r o n o la c to n e  r e a c h e s  e q u i l i b r i u m  f a i r l y  
r a p i d l y  ( w i t h i n  th e  m ix in g  and d e a e r a t i o n  t i m e ) .  The r e a c t ­
io n  be tw een  D -g lu c u r o n o la c to n e  and H2P0^" i s  n o t  c l e a r ,  b u t
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may in v o lv e  th e  oxygen o f  th e  l a c t o n e  r i n g  s in c e  th e  l a c to n e  
r i n g  i s  th e  p r i n c i p a l  f u n c t i o n a l  d i f f e r e n c e  be tw een  t h e  a c i d  
and  th e  l a c t o n e .  The r e a c t i o n  b e tw ee n  HgPO^" and  D -raannur- 
o n o la c to n e  i s  p ro b a b ly  s i m i l a r  t o  th e  D -g lu c u r o n o la c to n e  r e ­
a c t i o n .  A d d i t i o n a l  work need  be done in  n o n -aq u e o u s  media 
t o  a t t e m p t  i s o l a t i o n  of i n t e r m e d i a t e  s p e c i e s  and p r o d u c t s  o f  
th e  r e a c t i o n  w hich  may r e a c t  w i th  w a t e r ,  th e  s o l v e n t  u se d  in  
th e  p r e s e n t  s t u d y .
When th e  D -g lu c u r o n o la c to n e  c o n c e n t r a t i o n  i s  1 mg
p e r  m l, ^P O j^” h a s  v e ry  l i t t l e  e f f e c t  up to  a  c o n c e n t r a t i o n  
o f  a p p ro x im a te ly  60 /ig p e r  m l. T h i s  f a c t  a l s o  s u p p o r t s  th e  
p o s s i b i l i t y  t h a t  th e  l a c t o n e  wave i s  k i n e t i c  o r  c a t a l y t i c  
in  n a t u r e .  (The p h o sp h a te  must have  r e a c t e d  w i th  a  p e r c e p t ­
i b l e  amount o f  th e  l a c t o n e ,  w hich  sh o u ld  h av e  r e s u l t e d  in  a  
re d u c e d  wave h e i g h t .  S u f f i c i e n t  l a c t o n e  must have  rem a in ed  
t o  undergo  change to  th e  r e d u c i b l e  s p e c i e s  v i a  a  k i n e t i c  o r  
c a t a l y t i c  s t e p  to  keep  th e  d i f f u s i o n  c u r r e n t  c o n s t a n t . )
Above 60 p.g I^P O ^” p e r  m l, th e  h i g h l y  i r r e g u l a r  p l a t e a u x ,  
r e s e m b l in g  th o s e  made w i th  a  c o n ta m in a te d  c a p i l l a r y ,  s u g g e s t  
t h a t  above 60 pg  I^P O ^” p e r  ml and  t o  be tw een  100 and 200 
h g  H2P0h” Pe r  an<* t*16 p r e s e n c e  o f  1 rag D -g lu c u ro n o ­
l a c t o n e  p e r  m l, t h e  s u r f a c e  t e n s i o n  of th e  m ercury  d ro p  b e ­
comes i r r e g u l a r ,  r e s u l t i n g  in  a n o n -u n ifo rm  d ro p  r a t e .
(More work n e e d s  to  be done in  t h i s  r e g a r d . )
A p p ro x im a te ly  200 pg  P0^ _ ( a s  I^PO ^") p e r  ml was 
r e q u i r e d  t o  c o m p le te ly  r e a c t  w i th  D - g lu c u r o n o la c to n e .  On a 
p r o p o r t i o n a l  b a s i s ,  t h i s  i s  a b o u t  tw ic e  th e  amount r e q u i r e d
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t o  r e a c t  w i th  100 p g  D - g lu c u ro n o la c to n e  p e r  m l, i n d i c a t i n g  
t h a t  a  g r e a t e r  e x c e s s  o f I^ P O ^ -  i s  r e q u i r e d  to  c a u s e  th e  
r e a c t i o n  t o  go t o  c o m p le t io n  a t  h i g h e r  l a c t o n e  c o n c e n t r a t i o n .
A d d i t i o n  o f  P h o s p h a t e  a s  H P O ^2 -  o r  POj^ 3 -
At low p h o sp h a te  c o n c e n t r a t i o n s  (up t o  a b o u t  10
pg  P0^3" p Qr ra]_ aa  HP0^2^-) th e  pH s t u d i e s  i n d i c a t e  t h a t  th e
p re d o m in a n t  s p e c i e s  i n  s o l u t i o n  i s  H2P0^". Above t h i s  
l e v e l ,  t h e  c o n c e n t r a t i o n  o f  HP0^ 2 -  i n c r e a s e s  u n t i l  a t  100
pg  P0^3- ( a s  HPOj^-) pe r  ra]_# t h e  r a t i o  H2P0j^“ • HPO^2 ” i s  
a b o u t  1 : 1 ,  ( w i th  Na^POj^, a b o u t  200 pg p h o sp h a te  p e r  ml i s  
r e q u i r e d ) .  T h i s  r a t i o  g r a d u a l l y  s h i f t s  i n  f a v o u r  o f  HPO^2 " 
a s  th e  p h o sp h a te  c o n c e n t r a t i o n  i s  i n c r e a s e d .  (At 100 p g  
po^ 3 ” p e r  m l,  t h e  r a t i o  H2 P0^“ : HPO^" i s  a b o u t  1 :6  when
added  a s  K2HP0^, and a b o u t  1 :3  when added  a s  N a ^ P O ^ ) . When
p h o sp h a te  i s  added  a s  P O ^ -^  t h e  p re d o m in a n t  s p e c i e s  in  
s o l u t i o n  i s  HPO^2 - .
A t a  D - g lu c u r o n o la c to n e  c o n c e n t r a t i o n  o f  100 p g  
p e r  m l,  th e  e f f e c t  o f  p h o sp h a te  on th e  wave h e i g h t  r e s e m b le s  
t h e  pH e f f e c t  shown i n  F ig u r e  16 . T h is  i n d i c a t e s  t h a t  th e  
r e a c t i n g  s p e c i e s  i s  0H“ and n o t  p h o s p h a te .  S i m i l a r  r e s u l t s  
were o b se rv e d  w i th  a l a c t o n e  c o n c e n t r a t i o n  of 1 mg p e r  m l.
The d i f f e r e n c e  i n  th e  amount o f  p h o sp h a te  added
co m p ar in g  H2 P0^“ t o  HP0^2- o r  P0^3“ i s  e x tre m e .  F o r  ex am p le ,  
a t  a l a c t o n e  c o n c e n t r a t i o n  o f  100 pg p e r  ml 7*5 pg po^ " "
( a s  H2P0^~) p e r  ml s u f f i c e d  t o  o b l i t e r a t e  th e  D - g lu c u ro n o ­
l a c t o n e  wave b u t  w i t h  HP0^2 “ , even  300  pg  p0 ^ 3 -  pQr ml c o u ld
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n o t  s u p p r e s s  th e  wave t o  th e  r e s i d u a l  c u r r e n t .  T h i s  i n d i ­
c a t e s  t h a t  i s  an e x t r e m e ly  r e a c t i v e  s p e c i e s .
An a n a lo g y  can  be  made w i t h  th e  work o f  M cConnell 
and C oover (82) who u sed  d i a l k y l  h y d ro g e n  p h o s p h i t e s  and 
t r i a l k y l  p h o s p h i t e s .  The d i f f e r e n c e  b e tw een  th e  r e a c t i o n s  
o f t h e s e  two s p e c i e s  was t h a t  th e  fo rm e r  h a d  a  r e p l a c e a b l e  
h y d ro g e n .  I n  th e  c a se  o f  and HP0^2- ( o r  P 0 ^3-)  i t
a p p e a r s  t h a t  th e  l a t t e r  s p e c i e s  do n o t  have  a r e p l a c e a b l e  
h y d ro g en  and t h u s  c a n n o t  r e a c t  w i th  th e  oxygen o f  t h e  l a c t ­
one r i n g .  T h e r e f o r e ,  i t  would seem t h a t  i n  c a s e s  where p h o s ­
p h a te  was added  a s  H P O ^ ” o r  P0j^3- t o  D - g lu c u r o n o la c to n e ,  
th e  l a c t o n e  r i n g  i s  m e re ly  b e in g  h y d r o ly z e d  by 0H“ t o  g iv e  
th e  g l u c u r o n a t e .  A s i m i l a r  e f f e c t  w ould  be e x p e c te d  w i th  
D -m a n n u ro n o la c to n e .
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CHAPTER V
SUMMARY AND CONCLUSIONS
T h is  t h e s i s  c o n f i rm s  th e  e a r l i e r  work (36 ) r e g a r d ­
in g  th e  p o l a r o g r a p h ic  r e p r o d u c i b i l i t y  o f  D - g lu c u r o n o la c to n e  
s o l u t i o n s .  The c o n c e n t r a t i o n  ran g e  h a s  been  e x te n d e d  s i x t y ­
f o l d  and h a s  been  s t u d i e d  i n  t h r e e  s u p p o r t i n g  e l e c t r o l y t e s .
A p r e l i m i n a r y  s tu d y  w i th  D -m an n u ro n o lac to n e  showed t h a t  t h i s  
a n a lo g u e  o f  D - g lu c u r o n o la c to n e  a l s o  gave r e p r o d u c i b l e  r e d u c ­
t i o n  waves o v e r  th e  ra n g e  0 -100  jug D -raan nu rono lac tone  p e r  
mL' a l t h o u g h  by a d i f f e r e n t  m echanism.
The r e a s o n  t h a t  p r e v i o u s  i n v e s t i g a t o r s  (35 ) c o u ld  
n o t  o b t a i n  r e p r o d u c i b l e  r e s u l t s  w i th  D -g lu c u ro n ic  a c i d  was 
found  t o  be due t o  t h e  ex trem e  s e n s i t i v i t y  o f  t h e  d i f f u s i o n  
c u r r e n t  o f  D - g lu c u r o n ic  a c i d  s o l u t i o n s  t o  pH.
The pH s t u d i e s  w i th  D - g lu c u r o n o la c to n e  show t h a t  
th e  d i f f u s i o n  c u r r e n t  i s  n o t  n e a r l y  a s  s e n s i t i v e  t o  ch an g e s  
i n  pH a s  i s  D -g lu c u r o n ic  a c i d .  The p r e l i m i n a r y  i n v e s t i g a t ­
io n  w i th  D -m an n u ro n o lac to n e  s u g g e s t s  t h a t  i t s  b e h a v io u r  i s  
s i m i l a r  t o  t h a t  o f D - g lu c u r o n o la c to n e .
The a d d i t i o n  o f  p h o sp h a te  io n s  showed t h a t  th e  
e f f e c t  on th e  d i f f u s i o n  c u r r e n t  by HPQ^2 ” and P 0 ^ "  i s  m ere ­
l y  a pH phenomenon a s  f a r  a s  D - g lu c u ro n ic  a c i d  and D -g lu c ­
u ro n o la c to n e  a r e  c o n c e rn e d .  I t  i s  e x p e c te d  t h a t  D-m annuro­
n o la c to n e  would be a f f e c t e d  in  a  s i m i l a r  m anner. The
108
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a d d i t i o n  o f  H^pPO^” i n i t i a t e s  a d i f f e r e n t  r e a c t i o n  w i th  th e  
l a c t o n e s .  T h ere  was l i t t l e  change  i n  pH f o r  a  l a c to n e  c o n ­
c e n t r a t i o n  o f  100 jag p e r  m l,  b u t  7*5 jug ( a s  H2 POl4” )
p e r  ml ( i n  th e  c a se  of D -g lu c u r o n o la c to n e )  and l e s s  th a n  
30  jag P0^3- ( a s  ^ P O ^ " )  p e r  ml ( i n  th e  c a s e  o f  D -m annurono- 
l a c t o n e )  s u f f i c e d  t o  s u p p r e s s  th e  p o l a r o g r a p h ic  wave t o  th e  
r e s i d u a l  c u r r e n t .  T hese  r e s u l t s  were d i f f e r e n t  from  th o s e  
o b se rv e d  w i th  D - g lu c u ro n ic  a c i d  (ev en  1000 jug PO j^- ( a s 
I^P O ^” ) d i d  n o t  e l i m i n a t e  th e  wave) i n d i c a t i n g  t h a t  th e  r e ­
a c t i o n  be tw een  HgPOj^” and th e  l a c t o n e s  o c c u r s  a t  t h e  l a c t ­
one r i n g ,  s in c e  t h i s  i s  th e  p r i n c i p a l  d i f f e r e n c e  be tw een  
th e  a c id  and  t h e . l a c t o n e s .
The s i m i l a r i t y  i n  t h e  r e a c t i o n s  of D -g lu c u ro n o ­
l a c t o n e  and D -m annu ro no lac to ne  s u g g e s t s  t h a t  th e  r e a c t i o n  
w i t h  ^P O j^"  may be  a  g e n e r a l  r e a c t i o n .
B ecause  o f  the  i n t e r f e r e n c e  o f  aq u eo u s  h y d r o l y s i s  
o f  th e  l a c to n e  r i n g ,  th e  m echanism o f  th e  r e a c t i o n  w i th  
^ P O ^ ” i s  s t i l l  n o t  c l e a r ;  i n  t h i s  s tu d y ,  no e f f o r t  was made 
t o  d e te rm in e  th e  p r o d u c t s  o f  th e  r e a c t i o n .  More work n eed s  
t o  be done i n  n o n -aq u e o u s  m edia  t o  o b v ia t e  th e  i n t e r f e r e n c e  
o f  th e  s o l v e n t .
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